CXCR4 AGONIST TREATMENT OF HEMATOPOIETIC CELLS 



FIELD OF THE INVENTION 

In one aspect, the invention relates to therapeutic uses of chemokine 
5 receptor agonists, including peptide agonists of CXC chemokine receptor 4 
(CXCR4) for use in the treatment of hematopoietic cells in vitro and in vivo. 



BACKGROUND OF THE INVENTION 

10 Hematopoiesis consists of developmental cascades in which the 

hematopoietic stem cells generate lineage-committed cells and repeat the 
process of self-renewal. Hematopoietic stem cells are typically cells that have 
dual capacity for self-renewal and multilineage differentiation. 

15 Cytokines are soluble proteins secreted by a variety of cells including 

monocytes or lymphocytes that regulate immune responses. Chemokines are 
a superfamily of chemoattractant proteins that may be classified into four 
groups, characterized by the nature of cysteine residues that are involved in 
disulfide bond formation. Chemokines regulate a variety of biological 
20 responses and they promote the recruitment of multiple lineages of leukocytes 
and lymphocytes to a body organ tissue. Chemokines may be classified into 
two families according to the relative position of the first two cysteine residues 
in the protein. In CC chemokines, which include beta chemokine the first two 
cysteines are adjacent to each other. In CXC chemokines, which include 

25 alpha chemokine, the first two cysteines are separated by one amino acid 
residue. Two minor subgroups contain only one of the two cysteines (C) or 
have three amino acids between the cysteines (CX 3 C). In humans, the genes 
of the CXC chemokines are clustered on chromosome 4 (with the exception of 
SDF-1 gene, which has been localized to chromosome 10) and those of the 

30 CC chemokines on chromosome 17. 
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The molecular targets for chemokines are cell surface receptors. One 
such receptor is CXC chemokine receptor 4 (CXCR4), which is a G-protein 
coupled seven transmembrane protein, and was previously called LESTR 
(Loetscher, M.. Geiser, T., O'Reilly, T., Zwahlen, R.. Baggionlini, M., and 

5 Moser, B., (1994) J. Biol. Chem, 269, 232-237), HUMSTR (Federsppiel, B., 
Duncan, A.M.V., Delaney, A., Schappert, K., Clark-Lewis, I., and Jirik, F.R. 
(1993) Genomics 16, 707-712) and Fusin (Feng, Y., Breeder, C.C., Kennedy, 
P.E., and Berger, E.A. (1996) Science 272, 872-877). CXCR4 is widely 
expressed on cells of hemopoietic origin, and is a major co-receptor with 

10 CD4 + for human immunodeficiency virus 1 (HIV-1) ( Feng, Y., Breeder, C.C., 
Kennedy, P.E., and Berger, E.A. (1996) HIV-1 entry cofactor: Functional 
cDNA cloning of a seven-transmembrane G-protein-coupled receptor, 
Science 272, 872-877). 

15 Chemokines are thought to mediate their effect by binding to seven- 

transmembrane G protein-coupled receptors, and to attract leukocyte subsets 
to sites of inflammation (Baglionini et a/. (1998) Nature 392: 565-568). Many 
of the chemokines have been shown to be constitutively expressed in 
lymphoid tissues, indicating that they may have a homeostatic function in 

20 regulating lymphocyte trafficking between and within lymphoid organs (Kim 
and Broxmeyer (1999) J. Leuk. Biol. 56: 6-15). 

Stromal cell derived factor one (SDF-1) is a member of the CXC family 
of chemokines that has been found to be constitutively secreted from the 

25 bone marrow stroma (Tashiro, (1993) Science 261, 600-602). The human 
and mouse SDF-1 predicted protein sequences are approximately 92% 
identical. Stromal cell derived factor-1a (SDF-1 a) and stromal cell derived 
factor-10 (SDF-1 S) are closely related (together referred to herein as SDF-1). 
The native amino acid sequences of SDF-1 a and SDF-1 B are known, as are 

30 the genomic sequences encoding these proteins (see U.S. Patent No. 
5,563,048 issued 8 October 1996, and U.S. Patent No. 5,756,084 issued 26 
May 1998). Identification of genomic clones has shown that the alpha and 
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beta isoforms are a consequence of alternative splicing of a single gene. The 
alpha form is derived from exons 1-3 while the beta form contains an 
additional sequence from exon 4. The entire human gene is approximately 10 
Kb. SDF-1 was initially characterized as a pre-B cell-stimulating factor and as 
5 a highly efficient chemotactic factor for T cells and monocytes (Bieul et al. 
(1996) J. Exp. Med. 184:1101-1110). 

Biological effects of SDF-1 may be mediated by the chemokine 
receptor CXCR4 (also known as fusin or LESTR), which is expressed on 
0 mononuclear leukocytes including hematopoietic stem cells. SDF-1 is thought 
to be the natural ligand for CXCR4, and CXCR4 is thought to be the natural 
receptor for SDF-1 (Nagasawza et al. (1997) Proc. Natl. Acad. Sci. USA 
93:726-732). Genetic elimination of SDF-1 is associated with parinatal 
lethality, including abnormalities in cardiac development, B-cell 
5 lymphopoiesis, and bone marrow myelopoiesis (Nagasawa er al. (1996) 
Nature 382:635-637). 

SDF-1 is functionally distinct from other chemokines in that it is 
reported to have a fundamental role in the trafficking, export and homing of 
>0 bone marrow progenitor cells (Aiuti, A., Webb, I.J., Bleul, C, Springer, T., and 
Guierrez-Ramos, J.C., (1996) J. Exp. Med. 185, 111-120 and Nagasawa, T., 
Hirota, S., Tachibana, K., Takakura N., Nishikawa, S.-l., Kitamura, Y., 
Yoshida, N., Kikutani, H., and Kishimoto, T., (1996) Nature 382, 635-638). 
SDF-1 is also structurally distinct in that it has only about 22% amino acid 
25 sequence identity with other CXC chemokines (Bleul, C.C., Fuhlbrigge, R.C., 
Casasnovas, J.M., Aiuti, A., and Springer, T.A., (1996) J. Exp. Med. 184, 
1101-1109). SDF-1 appears to be produced constitutively by several cell 
types, and particularly high levels are found in bone-marrow stromal 
cells (Shirozu, M., Nakano, T., Inazawa, J., Tashiro, K., Tada, H. Shinohara, 
30 T., and Honjo, T., (1995) Genomics, 28, 495-500 and Bleul, C.C., Fuhlbrigge, 
R.C., Casasnovas, J.M., Aiuti, A., and Springer, T.A., (1996) J. Exp. Med. 
184, 1101-1109). A basic physiological role for SDF-1 is implied by the high 



level of conservation of the SDF-1 sequence between species. In vitro, 
SDF-1 stimulates chemotaxis of a wide range of cells including monocytes 
and bone marrow derived progenitor cells (Aiuti, A., Webb, I.J., Bleul, C, 
Springer, T., and Guierrez-Ramos, J.C., (1996) J. Exp. Med. 185, 111-120 

5 and Bleul, C.C., Fuhlbrigge, R.C., Casasnovas, J.M., Aiuti, A., and Springer, 
T.A., (1996) J. Exp. Med. 184, 1101-1109). SDF-1 also stimulates a high 
percentage of resting and activated T-lymphocytes (Bleul, C.C., Fuhlbrigge, 
R.C., Casasnovas, J.M., Aiuti, A., and Springer, T.A., (1996) J. Exp. Med. 
184, 1101-1109 and Campbell, J.J., Hendrick, J., Zlotnik, A., Siani, M.A., 

10 Thompson, D.A., and Butcher, E.C., (1998) Science, 279 381-383). 

A variety of diseases require treatment with agents which are 
preferentially cytotoxic to dividing cells. Cancer cells, for example, may be 
targeted with cytotoxic doses of radiation or chemotherapeutic agents. A 

15 significant side-effect of this approach to cancer therapy is the pathological 
impact of such treatments on rapidly dividing normal cells. These normal cells 
may for example include hair follicles, mucosal cells and the hematopoietic 
cells, such as primitive bone marrow progenitor cells and stem cells. The 
indiscriminate destruction of hematopoietic stem, progenitor or precursor cells 

20 can lead to a reduction in normal mature blood cell counts, such as 
leukocytes, lymphocytes and red blood cells. A major impact on mature cell 
numbers may be seen particularly with neutrophils (neutropaenia) and 
platelets (thrombocytopenia), cells which naturally have relatively short half- 
lives. A decrease in leukocyte count, with concomitant loss of immune system 

25 function, may increase a patient's risk of opportunistic infection. Neutropaenia 
resulting from chemotherapy may for example occur within two or three days 
of cytotoxic treatments, and may leave the patient vulnerable to infection for 
up to 2 weeks until the hematopoietic system has recovered sufficiently to 
regenerate neutrophil counts. A reduced leukocyte count (leukopenia) as a 

30 result of cancer therapy may become sufficiently serious that therapy must be 
interrupted to allow the white blood cell count to rebuild. Interruption of cancer 
therapy can in turn lead to survival of cancer cells, an increase in the 
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incidence of drug resistance in cancer ceils, and ultimately in cancer relapse^ 
There is accordingly a need for therapeutic agents and treatments which 
facilitate the preservation of hematopoietic progenitor or stem cells in patients 
subject to treatment with cytotoxic agents. 

Bone marrow transplantation has been used in the treatment of a 
variety of hematological, autoimmune and malignant diseases. In conjunction 
with bone marrow transplantation, ex vivo hematopoietic (bone marrow) eel, 
culture may be used to expand the population of hematopoietic progenitor or 
stem cells. It may be desirable to purge an ex vivo hematopoietic eel, cuKure 
of cancer cells with cytotoxic treatments, while preserving the viability of the 
hematopoietic progenitor or stem cel,s. There is accordingly a need for agents 
and methods, which facimate the preservation of hematopoietic progenitor or 
stem cells in ex vivo cell cultures exposed to cytotoxic agents. 

A number of proteins have been identified as inhibitors of 
hematopoietic progenitor ceil development, with potential therapeutic 
usefulness as inhiMors of hematopoeitic cell multiplication: macrophage 
inflammatory protein 1-alpha (MIP-1-alpha, and LD78 (see 
5 856 301); the alpha globin chain of hemoglobin and beta glob.n chain of 
hemoglobin (see U.S. Patent No. 6,022,848); and, interferon gamma (see 

U.S. Patent No. 5,807,744). 

Permanent marrow recovery after cytotoxic drug and radiation therapy 
; depends on the survival of hematopoietic stem cells having long term 
reconstituting (LTR) potential. The major dose iimiting sequelae consequent 
,o chemotherapy and/or radiation therapy are neutropenia and 
thrombocytopenia. Protocols involving dose intensification (i.e., to increase 
the log-kill of the respective tumour therapy) or schedule compression w„l 
0 exacerbate the degree and duration of myelosuppression associated with the 
standard chemotherapy and/or radiation therapy. For instance, ,n the 
adjuvant setting, repeated cycles of doxorubicin-based treatment have been 
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shown to produce cumulative and long-lasting damage in the bone marrow 
progenitor cell populations (Lorhrman et al. (1978) Br. J. Haematol. 40:369). 
The effects of short-term hematopoietic cell damage resulting from 
chemotherapy has been overcome to some extent by the concurrent use of 

5 G-CSF (Neupogen®), used to accelerate the regeneration of neutrophils (Le 
Chevalier (1994) Eur. J. Cancer 30A:410). This approach has been met with 
limitations also, as it is accompanied by progressive thrombocytopenia and 
cumulative bone marrow damage as reflected by a reduction in the quality of 
mobilized progenitor cells over successive cycles of treatment. Because of 

10 the current interest in chemotherapy dose intensification as a means of 
improving tumour response rates and perhaps patient survival, the necessity 
for alternative therapies to either improve or replace current treatments to 
rescue the myeloablative effects of chemotherapy and/or radiation therapy 
has escalated, and is currently one of the major rate limiting factors for tumour 

15 therapy dose escalations. 

Transplanted peripheral blood stem cells (PBSC, or autologous PBSC) 
may provide a rapid and sustained hematopoietic recovery after the 
administration of high-dose chemotherapy or radiation therapy in patients with 
20 hematological malignancies and solid tumours. PBSC transplantation has 
become the preferred source of stem cells for autologous transplantation 
because of the shorter time to engraftment and the lack of a need for surgical 
procedure necessary for bone marrow harvesting (Demirer et al. (1996) Stem 
Cells 14:106-116; Pettengel et al. (1992) Blood 82:2239-2248). Although the 

25 mechanism of stem cell release into the peripheral blood from the bone 
marrow is not well understood, agents that augment the mobilization of CD34 + 
cells may prove to be effective in enhancing autologous PBSC 
transplantation. G-CSF and GM-CSF are currently the most commonly used 
hematopoietic growth factors for PBSC mobilization, although the mobilized 

30 cellular profiles can differ significantly from patient to patient. Therefore, other 
agents are required for this clinical application. 
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H is generally accepted that stem cell transplants for autoimmune 
disease should be initiated using autologous or allogenic grafts where the 
former would be preferable since they may bear less risk of complicate (Burt 
and Taylor (1999) Stem Cells 17.366-372). Lymphocyte depletion has also 
en recommended, where lymphocyte depletion is a form ,of purging 
autoreactive cells from the graft. In practice, aggressrve lymphocyte depletion 
o, an allograft can prevent alloreaOivity (i.e., graft-versus-hos. ,sease 
(GVHD)) even without immunosuppressive prophylaxis. Therefore a 
ymphocyte-depleted autograft may prevent recurrence of * 
Iseouence, any concurrent therapy that may enhance the sun,,va, of t e 
CFU-GEMM myeloid stem cells, or BFU-E and CFU-GM myelomonocyfic 
stem cells may be beneficial in therapies for autoimmune diseases where 
hematopoietic stem cells could be compromised. 

Retrovirus-mediated gene transfer into murine hematopoietic stem 
cells and reconstitute of syngeneic mice have demon str ated persistence 
and functioning o, the transgenes over extended period of ,me (Kum 
(1990) 69:227-233). Terminally differentiated cells are ■^* 0 ^* 
except for memory B and T Vmphocytes, and a large number o blood ce 
are replaced daily. Therefore, when long-term functional correct™ , bl od 
cells by gene transfer is required, the targe, cells may be hema,opo,e„c stem 
cells (Kume e, a/. (1999) 69:227-233). Compounds that can mainta,n the 
liva, of the progenitor stem cells may therefore increase the effiaency * 
the gene transfer in that a greater population of hematopoie tl c stems cells are 
available. 
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A number of proteins have been identified and are currency be,ng 
utilized clinically as inhibitors of hematopoietic progenitor cell development 
and hematopoietic cel. proliferation (multiplication). These include 
recombinant-methionyl human G-CSF (Neupogen®, Filgastim: Amgen), GM- 
CSF (Leukine", Sargramostim; Immunex), erythropoietin (rhEPO, Epogen 
Amgen), thrombopoietin (rhTPO: Genentech), interteukin-11 (rh,L-11, 
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Neumega-; American Hone Products,, FI.3 „gand Immune^ 

.... oW rMARstem™- Maret Pharm.), myelopoietm 
multilineage hematopo.et.c factor (MARstem • , M irostiDen- 
(Leridistem; Sear.e), U mye.oid progenitor inhib.tory ^ 
Human Genome Sciences), stem ce,. factor (rhSCF, Stemgen ; Amgen). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the effect of Ara-C (350 mg/Kg> on White B,ood Ce , 
Count (WBC) in mice In the presence (trianguiar data points so d £ 
de si n ted Ara-C ♦ CTCE0021 in the iegend, and absence (crcuiar d a 
po- I dashed line, designated Ara-C in the legend, of a pep ,de o, the 
invention (designated CTCE0021 and described in Examples 1 and 3). 

Figure 2A shows a concentration-dependant inhibition of <*I-SDF-1 
binding to CXCR4 by SDF-1 , obtained as described for the data shown ,n 
Figure 2A, indicating the affinity of SDF-1 for the CXCR4 receptor. 

Figure 2B shows the CXCR4 receptor binding of SDF-1 and the SDF-1 
peptide agonist analogs. SDF-1 and the indicated analogs 
gands, described in Exampies) were added a, the concent, ,n ,s « 
, in the presence of 4nM «WDM . CEM cells were assessed for l-SDF 
binding following 2 hr of incubation. The results are expressed as 
percentages of the maxima, specific binding that was de.erm,ned wrthou, 
feting ,igand. and are the mean of three independent expenments. 

Figure 3 shows the induction of ICa'l mobilization by SDF-1 and SDF- 
1 rector analogs (described in Examples,. Fura-2,AM loaded THP- cells 
JX, were stimulated with SDF-1 , CTCE00 21 or CTCE0022 a, the 
concentrations indicated. The values represent the mean ♦/- one S.D. o, n-3 



experiments. 
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Figure 4 shows the induction of prfl mobilization by SDF- 1 and 8DF- 
1 analogs. Fura-2,AM loaded THP-1 ce„s <1x1(rtM> were stimulated w„h 
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SDF , and the SDF-1 peptide analogs at the concentration of native 
nat.ve SDF-1 and the bu v stimu | a tion (1 >iM). The 

SDF-1 concentration that gave the maximum i^a j, 

u +/ one S D of n=3 experiments. The designated 

values represents mean + '; * ^ 

compounds are as follows: SDF-1 SDF 1 ( 1<M 55 . 67) . E24/K28 . cyc lic 
cyclic amide (CTCE0021), SDF-1 (1-14)-(G) 4 -SDF-1 (55 

■« /rrrFno22^ SDF-1 (1-9)2-C9/C9-cysteine dimer (CTCE9901), our 
amide (CTCEOOZ^), &ur v ;z /r T rFQQ04^ and 

1(1 .17) (CTCE9902). SDF-1 <1-8) 2 -lysine bridge d,mer (CTCE9904) 
SDF . 1(1 .1 4 )-(G)4-SDF-1(55-67) amide (CTCE0017). 

Figure 5 shows cycle proliferative activity of primitive normal colony 
forming li s (CFC, in the adherent layer of a standard long term ou ure 
I7c ,n .hi h circles represent BFU-E cells (burs, forming united 
' ,n . rPI , rtM C eiis (colony forming unit - 

precursors), and squares represent CFU-GM ce s y ^ ^ 

granulocyte-monocyte common ^^'T^m^ of the oeils to 
SDF-1 on cellular proliferation as measured by the susceptiburty 
an agent preferentially cytotoxic to proliferating cells. 

Figure 6 shows cyclic proWerative activity of primitive norma, CFC in 
the adherent layer of standard LTC, when treated wKh 

, ,G> SDF-K55-67)- K20/D24-cyclic amide (Compound #1), SDF 1(1 ») 2 

' SmTound #3), as measured by .He susceptibility of the cells to an agent 
preferentially cytotoxic to dividing cells. 

Figure 7 shows the effect of SDF-1 and SDF-1 analogs (defined in 

assessing me p h IC lonq-term culture initiating cell) 

short term (20 min) or overnight (LTC-IC,long te 
exposure of the cells to 20ug/ml of high specific activity H-thym,d,ne. 



25 



30 



represent the mean ♦/- the S.D. of data from up to four experiments with up to 
four mice per point in each. 

Figure 8 shows data indicating that SDF-1 enhances the detectability of 
, CRU (coiony regenerating unKs) regenerated in NOD/SCD Mice transited 
with human fetal liver. 

Figure 9 shows the effect of SDF-1 and SDF-1 Agonists (defined in 
Examples) on the engraftmen, of human ceiis in human fetal liver transplanted 

0 NOD/SCID mice. A comparison of the number of phenotypically defined 

hematopoietic cells detected in the long bones (tibias and femurs) of mice four 
weeks after being transplanted with 10' light-density human fetal l,ver btood 
cells and then administered SDF-1 , CTCE0021 or CTCE 001 3 (0.5 mg/Kg) 
three times per week for two weeks before sacrifice. Values represent the 

,5 mean +/- one S.D. of results obtained from three to seven individual m,ce ,n 
three experiments. 

Figure 10 shows the effect of CTCE0021 (1mg/kg, defined in the 
Examples) on the recovery of leukocytes following myeloablative 
20 chemotherapy with Ara-C (300mg/kg). Mice were treated with Ara-C alone 
(Ara-C) or in combination with CTCE0021 . The results represent the mean 
+/- one S.D. of 6 animals/group. 

Fiqure 1 1 shows the effect of CTCE0021 (defined in Examples) and 
y ...... i n~ Ara.r. treated mil 
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Hgure l I siiuwouic^' 

Neupcxjen® (G-CSF) on the growth of white blood cells in Ara-C treated m,ce. 
C3Hhen mice (female) were treated with 500mg/kg Ara-C for two cycles - on 
days 0 and 10. During the second cycle of Ara-C dosing, Ara-C treated m,ce 
were injected with 10mg/kg CTCE0021 , 10mg/kg Neupogen , alone or 
together (on days -1. 0. and 1 to 3). Control represents animals treated wrth 
Ara-C alone. Blood was collected from the tail vein into heparin-conta,n,ng 
tubes at the onset of the experiment, and one day before and 1 , 7 and 12 
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days following the second Ara-C dose. A total white blood cell count was 
obtained. The results represent the mean +/- one S.D. of 6 animals/group. 

Figure 12 shows the effect of CTCE0021 and Neupogen® on the 
relative growth of white blood cells in Ara-C treated mice. C3Hhen mice 
(female) were treated with 500mg/kg Ara-C for two cycles - on days 0 and 10. 
During the second cycle of Ara-C dosing, Ara-C treated mice were injected 
with 10mg/kg CTCE0021 (defined in Examples), 10mg/kg Neupogen , alone 
or together (on days -1 , 0, and 1 to 3). Control represents animals treated 
with Ara-C alone. Blood was collected from the tail vein into heparin- 
containing tubes at the onset of the experiment, and one day before 7 and 1 2 
days following the second Ara-C dose. A total white blood cell count was 
obtained The increase in leukocytes (white blood cells) was determined 
relative to the number of cells counted the day before the second cycle Ara-C 
dose was administered. The results represent the mean +/- one S.D. of 6 
animals/group. 

Figure 13 shows the sequences of human SDF-1 alpha, SDF-1 
Precursor (PBSF) and SDF-1 beta. 

SUMMARY OF THE INVENTION 

In accordance with various aspects of the invention, CXCR4 agon.sts 
may be used to treat bone marrow progenitor or stem cells to reduce the 
susceptibility of the cells to cytotoxic agents. CXCR4 agonists may be used to 
treat bone marrow progenitor cells or stem cells to reduce the rate of cellular 
multiplication. CXCR4 agonists may for example be used in vivo or ex v,vo .n 
bone marrow or peripheral blood stem cell transplantation procedures to treat 
bone marrow progenitor or stem cells. CXCR4 agonists may be used to treat 
cancer in a mammal in conjunction with one or more cytotoxic agents. 
Cytotoxic agents may for example include chemotheraputic agents or 
radiation CXCR4 agonists may be used therapeutically to regulate bone 
marrow progenitor or stem cell growth in vivo, ex vivo and in human diseases, 
such as cancer. 
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DETAILED DESCRIPTION OF THE INVENTION 

'„ accordance with some aspects of the invention, hematopoietic stem 

ceiis I bT affected by CXCR4 agonists via a mechanism o, cell growth 

I essl Since cytotoxic therapies utiiized ,0 .,1 proliferating cancerous 

: : Lh as chemotherapeutic and,or radiation therapy, targe, pro„fe a 

)he CXCR4 agonists in accordance with various aspects of th,s 
cells, the CXCR4 ago Qf 

invention may be utilized to reduce cyi noriohera , blood 

— ■ ~ r -s:. 6 ^^^ - 

SSLinSS — es and - = 

cytotoxin treatments. In various aspects of the inventoon CXCR4 ^ 
may be given to the patient prior to, during or both prior to and dunng 
Zox n — nts, such as myeloabiative chemotherapy ^ °r rad,a,o 
^apy in order to suppress the growth o, the progemtor eel s, a thus 
ele them from destruction by the therapeutic regimen that the patient ,s 
Ino -ted with, for example to treat a cancer. Therefore, cancers 
Hp le t treatment w«h CXCR4 agonists in accordance with venous 

chor.ocarc.noma g endocrine 
5 (including prostate, sem.nal ves.cles, testes g 

gla nds (including the thyroid, adrena., and pituitary glands), and sk ^ as we 
s hemangiomas, melanomas, sarcomas (including those 
and soft tissues as well as Kaposi's sarcoma) and tumors c the «^ 
eyes and meninges (including astrocytomas, g.-omas, g.-oblastomas^ 

J\ . neuromas neuroblastomas, Schwannomas, and 
30 retinoblastomas, neuromas, n 

x i aQnpnts of the invention, CXCR4 agon.sxs me*y 

rSHiS^nl as solid tumors, arising from hematopoietic 
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k « leukemias (i e. chloromas, plasmacytomas and the 
malignancies such as s < ^ ^ 

p, aq ues and tumors o. ^ of lymph omas (both 

Hodgkin's and non-Hodgk,n 8 V" , umors describe d above 

rr:rr:r— - — — - - 

radiotherapy or chemotherapeutic agents. 

,„ alternative aspects o,.he invention. CXCR4 agonists may be used to 
l„ alternate P ^ ^ may for examp|e be 

enrich populations of CD34 progerato peripheral blood (PB) 

enriched by CXCR4 agonists in bone marrow tQ tfeat . 

Hematopoiet.c Stem Cell Therapy, ^n 

Yor k (2000),. CXCR4 agonists ™ ""^^ he purposed of 
hematopoietic stem cell transplantation (HSCT) protocol 
mating diseases, such as the following d.seases that may 
CXCR4 agonists: 
Aplastic Anemia; 
Acute Lymphoblastic Anemia.; 
Acute Myelogenous Leukemia; 
Myelodysplasia; 
Multiple Myeloma; 

Chronic Lymphocytic Leukemia; ^ immune Lvmphoproliferative 

Congenita. Immunodeficiencies (such as Aut.mmur 

disease Wiscott-Aldrich Syndrome, X-I.nked Lymp p 

Chronic Granu.amatous disease, Kostmann Neutropen.a, 

Leukocyte Adhesion Deficiency); 
Metabolic Diseases (for instance those w f~ been^ ^ 
such as Hurler Syndrome (MPS l/ll), biy y 
Chilhood onset cerebral X-adreno,eukodystrophy, Globard_cell 

Leukodystrophy), 

- 13 - 



25 



30 



10 



15 



,n aternative embodiments, CXCR4 agonists may be used to treat a 
in alternati ted w may fom 

+ «o rfii E cells (burst-forming unit - erythroia), oru 
cells, prothymocytes, BFU-E cells <d (colo ny-formng 
cells (burst-forming unit - megakaryocytes), CFU-GM cells (c y 

u ^ rFi i bas cells (colony-forming unit 
uni , . granulocyte-macrophage), CFU-bas ce ( 

r-ci i Mast cells (colony forming unit - mast ceil), 
basophil), CFU-Mast ceils ( y unit 

(colony forming unit granulocyte), CFU-M/DC ceus i » 

* M Jritic cell) CFU-Eo cells (colony forming un,t eosinophil), CFU- 
^ " i unit erythroid), CFU-MK cells (colony format 

myeloblasts, monoblasts, 

■ :=:r P = =£ — » 

cells, T-cells or lymphoid related dendritic cells. 

, n som e embodiments, the present invention is -cerned *h 

:5 polypeptides having the amino acid ^^Z^Z^ 
„ r -, ( Fi 0 ure13) In some embodiments, a pegylation moiety may oe p 
a a p^tiln on the sequence. The polypeptides of the present inven ion 
may inc de porypeptides in which part of the amino acid sequence ,s omitted^ 
TpXep desThat consist o, sequences containing additional or repfcoed 

3„ Hid, or spliced forms o, the sequences, ^ in £~ 
CXCR4. ,n some embodiments, polypeptides of the mvenSon m y 
70%, 80% 90% or 95% identical to the polypeptides of Seq. ID. No. 1, 
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3, when optimally aligned, over a region of a, leas, 10. 15. 20 30. 40. *M» 
or 80 or more, contiguous amino acids. ,n ai.erna.ive embodime ^ SDF- 

po,ypep.ides of .he invention may consis. of amino acid sequences .ha. are 
poiyyewi 2 3 where a 

less than 70% identical to portions of SEQ ID No. s 1, . 

. . . rvr-B4 aaonist activity, such as activity that is 
Dolvpeptide demonstrates CXCR4 agonisi auivny, 

u n ni n 1 10- 10- or 100-fold) to that obtained 

comparable (such as within 0.01-. 0.1-, i.u , iu , or 

with the SDF-1 polypeptides of Seq. ID. No.'s 1 , 2 or 3. 

,„ one aspect of the invention, a putative SDF-1 polypeptide having 
some similarity to SEQ ID No* 1 , 2 or 3 may be assessed for CXCR4 agon,, 
activity Putative SDF-1 polypeptides of the invention may for example be 
a^ayed for CXCR4 receptor binding as determined by receptor binding 
assays such as radio,abe,ed ligand receptor competition assays. Activation 
o CXCR4 by an SDF-1 polypeptide may be determined through assaying 
activation o, the receptor through s.andard biochemical techniques including 
ILular calcium mobi,iza«ion, cellular Chernovs, chemiluminescenc. 
aegranulation assays, measurement o, NADPH-dependen, 
reactive oxygen species, activation of secondary messenger enzymes such 
la Protein!, phospholipase C (PLC), protein Kinase C (PKC), or o Src and 
Src family Kinases (i.e., Fyn). .„ some embodiments, CXCR4 agon,, aa,v,£ 
CXCR4 receptor binding or CXCR4 receptor activation of a putative CXCR4 

CX re pro „,,=«tooi 0 1- 1 0- 10-, or 100-fold of the 

agonist ofthe invention may be at least 0.01-. o.i . t.u . 

corresponding parameter of a polypeptides of Seq. ID. No.'s 1 , 2 or 3. 

,„ alternative embodiments, a variety of small SDF-1 peptide 
analogues may be used as CXCR4 agonists. One such peptide is a dirner of 
amino acids 1-9. in which the amino acid chains are joined by a d,su,ph,de 
oond between each of the cysteines a. position 9 in each sequence 
(designated SDF-1(1-9) 2 or KPVSLSYRC-CRYSLSVPK). An alternate 
,0 pepl is a dimer o, amino acids 1-8. KPVSLSYR-X-RYSLSVPK, ,n which 
he amino acid chains are joined by a linKing - X ""* R 
arginines a. portion 8 in each sequence (designated SDF-1 (1-8)2)- CXCR4 
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agonist peptides may for example be selected from the group consists of 
peptides having the following sequences: 

KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCID 
PKLKWIQEYLEKALN; KPVSLSYRCPCRFFESH; KPVSLSYRC; 

KPVSLSYRC-CRYSLSVPK; KPVSLSYRC-X-CRYSLSVPK; and, 

KPVSLSYR-X-RYSLSVPK. In the foregoing peptides X may be lysine with 
both the a (alpha) and e (eosilon) amino groups of the lysine being associated 
with covalent (amide) bond formation and the lysyl carboxyl group being 
protected. The last two compounds in the forgoing list may. for example, be 
represented as follows, showing the peptide sequences in the standard 
amino-to-carboxyl orientation: 
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KPVSLSYR KPVSLSYRC 

1 X 

X x 

I I 

KPVSLSYR KPVSLSYRC 



,n various alternative embodiments, such SDF-1 peptide analogs, along with 
20 SDF-1 polypeptides, are included amongst CXCR4 agonists of the invent.on. 

In some embodiments, the CXCR4 agonists for use in the invention 
may be substantially purified peptide fragments, modified peptide fragments, 
ana.ogues or pharmacologically acceptab.e salts of either SDF-1a or SDF-1* 
25 SDF-1 derived peptide agonists of CXCR4 may be identified by known 
biological assays and a variety of techniques such as the aforementioned or 
as discussed in Crump et a.., 1997, The EMBO Journal 16(23) 6996-7007; 
and Heveker et al., 1998, Current Biology 8(7): 369-376; each of which are 
incorporated herein by reference. Such SDF-1 derived peptides may include 
30 homologs of native SDF-1 , such as naturally occurring isoforms or genet.c 
variants, or polypeptides having substantial sequence similarity to SDF-1 , 
such as 40% 50%, 60%, 70%, 80%, 90%, 95% or 99% sequence identity to 
at least a portion of the native SDF-1 sequence, the portion of native SDF-1 
being any contiguous sequence of 10, 15, 20, 30, 40, 50 or more amino acds. 
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provided the peptides have CXCR4 agonist activity. In some embod.ments, 
chemically similar amino acids may be substituted for amino acids in the 
native SDF-1 sequence (to provide conservative amino acid substitutions). In 
some embodiments, peptides having an N-terminal LSY sequence motif 
5 within 10 or 7, amino acids of the N-terminus, and/or an N-term.nal RFFESH 
(SEQ ID NO-5) sequence motif within 20 amino acids of the N-term.nus may 
be used provided they have CXCR4 agonistic activity. One family of such 
peptide agonist candidates has an LSY motif at amino acids 5-7. Alternative 
peptides further include the RFFESH (SEQ ID NO: 5) motif at amino acids 12- 
0 17 In alternative embodiments, the LSY motif is located at positions 3-5 of a 
peptide. The invention also provides peptide dimers having two ammo acid 
sequences, which may each have the foregoing sequence elements, attached 
by a disulfide bridge within 20, or preferably within 10, amino acids of the N 
terminus, linking cysteine residues or a-aminobutric acid residues. 

1 5 The invention further provides pharmaceutical compositions containing 

CXCR4 agonists. In one embodiment, such compositions include a CXCR4 
agonist compound in a therapeutically or prophylactically effective amount 
sufficient to alter bone marrow and/or peripheral progenitor or stem cell 

20 growth maturation and/or mobilization, and a pharmaceutical^ acceptable 
carrier In another embodiment, the composition includes a CXCR4 agonist 
compound in a therapeutically or prophylactically effective amount sufficient to 
inhibit a cytotoxic effect of a cytotoxic agent, such as cytotoxic agents used m 
chemotherapy or radiation treatment of cancer, and a pharmaceutical^ 

25 acceptable carrier. 

An "effective amount" of a compound of the invention includes a 
therapeutically effective amount or a prophylatically effective amount. A 
"therapeutically effective amount" refers to an amount effective, at dosages 
30 and for periods of time necessary, to achieve the desired therapeutic result, 
such as reduction of bone marrow progenitor or stem cell multiplication, or 
reduction or inhibition of a cytotoxic effect of a cytotoxic agent. A 
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therapeutically effective amount of CXCR4 agonist may vary accordmg to 
factors such as the disease state, age, sex, and weight of the individual, and 
the ability of the CXCR4 agonist to elicit a desired response in the indrvrtual. 
Dosage regimens may be adjusted to provide the optimum theraoeut,c 
5 response. A therapeutically effective amount is also one in which any to»c or 
detrimental effects of the CXCR4 agonist are outweighed by the 
therapeutically beneficial effects. 

A "prophylactically effective amount" refers to an amount effective, at 
10 dosages and for periods of time necessary, to achieve the des.red 
prophylactic result, such as preventing or inhibiting a cytotoxic effect of a 
cytotoxic agent. Typically, a prophylactic dose is used in subjects prior to or at 
an earlier stage of disease, so that a prophylactically effective amount may be 
less than a therapeutically effective amount. 

In particular embodiments, a preferred range for therapeutically or 
prophylactically effective amounts of CXCR4 agonists may be 0.1 nM-0.1M, 
0 1 nM-0 05M, 0.05 nM-15uM or 0.01 nM-10 M. It is to be noted that dosage 
values may vary with the severity of the condition to be alleviated. For any 
20 particular subject, specific dosage regimens may be adjusted over t.me 
according to the individual need and the professional judgement of the person 
administering or supervising the administration of the compositions. Dosage 
ranges set forth herein are exemplary only and do not limit the dosage ranges 
that may be selected by medical practitioners. 

The amount of active compound in the composition may vary according 
to factors such as the disease state, age, sex, and weight of the individual. 
Dosage regimens may be adjusted to provide the optimum therapeutic 
response. For example, a single bolus may be administered, several div.ded 
30 doses may be administered over time or the dose may be proportionally 
reduced or increased as indicated by the exigencies of the therapeut.c 
situation. It may be advantageous to formu.ate parenteral compositions .n 



25 
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,n,m for ease of administration and uniformity of dosage. "Dosage 
dosage unit form for ease a ^ as un|taIy 

unit form" as used herein refers to ^ g , ned 

d0 sages for su b )eo,s to be tr ^ " ^ therapeut|c 

o^Ky o, active compou o«d P ^ ^ ^ 
5 effect in associate with 

~** lon ** ^ d "T " 1 ^ h ^ris fi cs of the active compound 
directly dependent on (a) the uraque char ^ 

and the particular therapeutic effec, to he « n (or the treatme n, 
inherent in the art of compounding such an acfve compoun 
10 of sensitivity in individuals. 

» used herein "pharmaceutically acceptable carrier or "exipient" 

andT olvents dispersion media, coatings, antibacterial and 
includes any and all solvents, v ^ ^ , hat 
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inc ,udes any ano - ^ ^ ^ ^ gnd , he ,. |ke tnat 

intravenous, ' ntra P enton * a sterile aque ous solutions or 

:—:iror P dispersion. The use o, 

P — r: r^oompound, 

any nventional ^£^TZ*~". of the invention is 
TnteZa: . CmU active compounds can a,so be incorporated 



25 into the compositions. 
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ln some embodiments, CXCR4 agonists may be formulated in 
In some e addi tional active ingredients, or 

pharmaceutic, -"^J^ J „ unction witn batmen, with one 
administered ,n methods of treatmen ' „, se|ected ftom the 

or more additional med,cat,ons, such a . Filgastjm; 

foilowing: recombinant-methiony. human G-CSF (Neu ^ 
r,M-CSF (Leukine*, Sargramostim; Immunex). eryt 



Amgen), GM-CSF (Leukine 
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(mE PO Epogen*; Amgen), thrombopoietin (rhTPO; <*"^-""*^ 
'°L-1 Neumega®; American Hon. Products,. FU ligand <Mob,s,a 
HI,. mu.ineage —tic factor ^J^^ 

(Mirostipen; Human Genome Sciences), a 
Stemgen®; Amgen). 

Tberapeutic composes typically must be sterile and stable underthe 
^tions - storage. T h e com = ^ — ^ 

. solution, mi— ^ ^ ^^rdispersion — 

use of a coating s surfactants. In many cases, it 

in th*» rase of dispersion and by the use ot buna 

: ££L to include isotonic agents, for example, 

itni sorbitol or sodium chloride in the compos.t.on. Prolongea 

„ „„ an t Muhirh delavs absorption , for example, n iui iu 
^ the composition an agent wnicn aeic*y=> v 

) tne corny rvrrzA aaonists may be administered in a 

saits and gelatin. ^'^X Zos^ includes a s,o„ 
time release formulation, for example ^ ^ 

s ■ — — 

B Hon. inling implants and ^^Z^Z 
Biodegradable, biocompatible powers can be used uc 
acetate, polyanhydrides. polyglycobc acd. colla en P y 
Atactic acid and polylactic, polyglycolic copolymers (PLG). Many metn 
preparation of In formulations are patented or generaily Known to 

30 those skilled in the art. 
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Sterile injectable solutions can be prepared by incorporating the active 
compound in the required amount in an appropriate soiven. "»« «- «• 
1 ination o, ingredients enumerated above, as required, followed 
«ered sterilization. Generaily. dispersions are prepared by «-P«^» 
active compound into a sterlle vehicle that contains a bas,c dispers.on 
mtd Turn and the required other ingredients from those enumerated above. In 
The case o, sterile powders for the preparation o, s.eri,e instable so,u,,ons, 
e ^ ferred methods o, preparation are vacuum drying and tree* .drying 
which yields a powder of the ac«ve ingredient plus any additional des.red 
Tngredi nt from a previously sterile-filtered solution thereof. In accordant 
1 an aKernative aspect of the invention, a CXCR4 agon,st may be 
Tmulated with one or more additional compounds that enhance the so,ub,„ty 
of the CXCR4 agonist. 

CXCR4 antagonist compounds of the invention may include SDF-1 
derivatives, such as C-terminal hvdroxymethyl derivatives. 0-mod,f,ed 
derivatives (e g C-termina, hydroxymethy, benzyl ether). N-ternmnally 
ST-Ii- including substituted amides such as abides an 
hydrazides and compounds in which a C-terminal phenylalanine res,due ,s 
replaced w«h a phenethylamlde analogue (e.g., Ser-lte-phenethylamide as an 
analogue of the tripeptide Ser-lle-Phe). 

W„hin a CXCR4 agonist of the invention, a peptidic structure (such as 
an SDF-1 derived peptide) maybe coupled directly or indirectly to a. least one 
> modifying group. The term "modifying group" is intended to include structures 
7a I i actfy anached to the peptidic structure (e.g., by covalent bonding or 
covalent coupling,, as well as those tha, are indirectly attached to he pep,,d c 
structure (e.g., by a stable non-cova,en, bond association or by covalen 
coupling to addrciona. amino acid residues, or mimetics, analogues or 
,„ Te • atives thereof, which may flanK the SDF-1 core peptidic structure). Fo 
e ample, the modifying group can be couple, to the aminc-.erm,nus o 
cLoxy- erminus of an SDF-1 peptidic structure, or to a pep,d,c or 
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peptidomimetic region flanking the core domain. Alternatively he m o d rfy g 
roup can be coupled ,o a side chain of a. ,eas. one ammo acd residue of a 
SDF-1 peptidic structure, or to a peptidic or peptido-mimetic reg,on fiankng 
L core domain (e.g.. through the epsilon amino group o, a iysyi residue^ 
hTugh the carboxyl group o, an aspartic acid residu e (s, or a glutamic ac, 
Z,, through a hydroxy group o, a tyrosy. residue(s), a serine res,due^ 
or a <h e nine residue(s> or other suitabie reactive group on an amino a»d 
ide chain). Modifying groups covalently coupied to the peptid, s,u.u ca 
be attached by means and using methods well known ,n the art for nking 
be attacnea y exa mDle amide, alkylamino, sulphide, 

chemical structures, including, for example, aim 

carbamate or urea bonds. 

,n some embodiments, the modNying group may comprise a cyclic, 
heterocyclic or polycyclic group. The term "cyclic group", as used herein 
ncludes cyclic saturated or unsaturated (i.e., aromatic, group having from o 

0 4 to 8 or 5 to 7 carbon atoms. Exemplaiy cyclic groups include 
cyclopropyl.'cyclobutyl, cyCopentyl. cyciohexyl, and <^"^T 
may be unsubstituted or substituted a, one or more ring pos tions. A c 
Troup may for exampie be substituted with halogens, alkyls, cycoa ^ 
a,keny,s, alkynyls, a^ls, heterocycies, hydroxyis, aminos, n„r^ h» s 

amines, imines. amides, phosphona.es, phosphines, carbony . cartoxy s, 

si, y ,s, ethers, thioethers, sulfonyls, sulfonates, selenoethers, ketones, 

aldehydes, esters, -CF 3 , -CN. 

The term "heterocyclic group" includes cyclic saturated, unsaturated 

£ ^ o * n in a to 8 or 5 to 7 carbon atoms, 
and aromatic groups having from 3 to 10, 4 to 8, or o 

wherein the ring structure includes about one or more hetercatoms. 

"cyclic gJps include pyrrolidine, oxolane, thiolane, imida** — 
piperidine, pipeline, morpholine. The heterocydic ring may be sub t^d a. 
,0 one or more positions with such substituents as, for example, havens 
Xls cycloa.kyls. alkenyls, alkynyls. aryls, other heterocycies, hydrox* 
alo, itro, thiol, amines, imines, amides, phosphona.es, phosphines, 
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u i. .ik,i« ethers thioethers, sulfonyls, selenoethers, 
rarhonvls carboxyls, silyls. emers., 

caroonyis, x Heterocycles may also be bridged or 

ketones, aldehydes, esters, -CF 3 , -CN. Heterocy 

fused to other cyolio groups as described below. 

The term "polycyclic group" as used herein is intended to refer to two or 
m0 re sa rated, unsaturated or aromatio cyclio rings in which 
carbons are common to two adding rings, so tha, ^^T^ 
Rings that are joined through non-adjacent atoms are termed r dge nng, 
e! of the rings of the polycyclic group may be subsisted with such 
Ibluents as described above, as for example, halogens, alkyls. 

alkenyls, alkynyls, hydroxy,, amino, thiol, amines, .mines, 
am«es, phosphonates, phosphines, carbonyls, carbox Is, *ls, ethers, 
thioethers, sulfonyis, selenoethers, Ketones, aldehydes, esters, -CF 3 , or -CN. 

The term "alky," refers to the radical of saturated aliphatic groups 
including straight chain alkyl groups, branched-chain alky, groups, cycloa M 
(alicyclic) groups, alkyl substituted oycloalkyl groups, and cvcloalkyl 
"id ajgroup, In some embodiments, a straight chain or braced 
chain alkyl has 20 or fewer carbon atoms in its backbone (C,-C 20 fo stra,ght 

, chain clc, for branched chain), or 10 or fewer carbon atoms, n some 
, chain, o 3 oa, atoms |n , heir nng 

tzzz'ZT.tjzz. uniess ,he numter ° f carbons is 

1^ spec, ."lower a,ky," as used herein means an alky, group, as 
iTd above, hay,ng from one to ten carbon atoms in Ks — ~ 
, 5 Likewise, "iower alkenyl" and "lower alkyny," have chain lengths of ten or 



carbons. 



The term "alkyl" (or "lower alkyl") as used throughout the specification 
and els I intendld to InCude both W— and 
,0 a,ky,s" the latter of which refers to alkyl moieties hav,ng substtuents 
1 ci'ng a hydrogen on one or more carbons of the hydrocarbon bac on. 

can include, for example, halogen, hydroxy,, carbony, (such 
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. H-,nn alkvlcarbonyl and arylcarbonyl groups), and 

wnnatP sulfamoyl sulfonamido, heterocyclyl, aralkyl, or an 
sulfonate, su famoy _ ^ ^ cham 

heteroaromatic mo.ety. The mo subs tituents of 

substituted alkyls. -CF 3 , -CN. and the like. 

The terms and « refer to unsaturated aliphatic groups 

an a log ul Hnoth and possibie substitution to the aikyls described above, 
but that contain at least one double or triple bond res P ect,vely. 

' The term - - = tT S 



and the like. 
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The term ••alkyicarbonyl", as used herein, refers to -O(0,-a,kyL 

me icui rmvarvl The term 

♦« rm "fltvlcarbonvl" refers to aryi. 
Similarly, the term arylcarDony. 

as used CtS^S- - - 
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The term "amino", as used herein, refers to -N(R 0 )(R C ), in which R. and 
R. are each independency hydrogen, alkyl. alkyenyl, a,kynyl, araikyi, ary^or 

form a ring having 4-8 atoms. Thus, the term "ammo", as u ed here,n 
les unsubs«u.ed, monosuhstituted (e.g., monoalkylam.no o 
1 ryiamino), and disuhstituted (e.g., diaikylamino or aiky an,,am,no, 
amino groups. The term "amido" refers to -C(0)-N(R 8 )(R 9 ), * -*h R. and R 
7Z defined above. The term "acyiamino" refers to - N (R',)C(0)-R 7 , « wh,ch 
R 7 is as defined above and R's is alkyl. 

As used herein, the term "ni.ro" means -NO, the term "halogen" 
deskjna.es -F, -CI. -Br or -,; .he .errn "sundry," means -SH; and the term 

"hydroxyl" means -OH. 

The term "aryl" as used herein includes 5-, 6- and 7-membered 
aromatic groups tha, may include from zero to four 

exampie. phenyi. pyrroryi. furyl. thiophenyl, imidazoiy., -zo^* 
triazoM pyrazoiy,, pyndy,. pyrazlnyl, pyridaziny, and pyr,m,d,nyl, and the „ke 
Ze Z g^uPS having heteroatoms in .he ring s,uc.ure may aiso be 
rll to as Z heterocydes" or "he.eroaroma.ics". The aromatic ring can 
s bs.„u.ed a. one or more ring posi.ions with such subs, uen« a 
scnbed above, as for example, haiogen, azide, alky, a.iky , a.eny , 
alkyny, cydoalky,. hydroxy!, amino, ni.ro. sundry,, ,m,no. am,do 
pi phonal. phos P hina.e, carbonyl, carboxyl, silyl. e,er, 
5 utfonamido, ketone, aidehyde. ester, a heterocyciy,, 

he.eroaroma.ic moiety, -CF, -CN. or .he iike. Aryl groups can also be part 
a "yoyoiic group. For exampie. a^l groups include fused aroma.,c mo,e,es 
such as naphthyl. anthracenyl. quinolyl, indolyl, and the l.ke. 

Modifying groups may include groups comprising biotiny, structures, 
fluorescein-containing groups, a die.hylene-tnaminepen.aace.yl group, a (O)- 
melxyacety, group, a N -acetyneuraminyl group, a cho*l structure or an 
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iminiobiotinyl group. A CXCR4 agonist compound may be mod.f.ed at ,ts 
carboxy terminus with a cholyl group according to methods known ,n the art 
(see e g Wess, G. et al. (1993) Tetrahedron Letters, 34:817-822; Wess, G. 
et al (1992) Tetrahedron Letters 33:195-198; and Kramer, W. et al. (1992) J. 
5 Biol Chem 267:18598-18604). Cholyl derivatives and analogues may also be 
used as modifying groups. For example, a preferred cholyl derivative is Aic (3- 
(O-aminoethyl-iso)-cholyl), which has a free amino group that can be used to 
further modify the CXCR4 agonist compound. A modifying group may be a 
••biotinyl structure", which includes biotinyl groups and analogues and 
10 derivatives thereof (such as a 2-iminobiotinyl group). In another embod.ment, 
the modifying group may comprise a "fluorescein-containing group", such as a 
group derived from reacting an SDF-1 derived peptidic structure with 5-(and 
6-)-carboxyfluorescein, succinimidyl ester or fluorescein isothiocyanate. In 
various other embodiments, the modifying group(s) may comprise an N- 
15 acetylneuraminyl group, a trans-4-cotininecarboxyl group, a 2-.rn.no-1- 
imidazolidineacetyl group, an (S)-(-)-indoline-2-carboxyl group, a (-)- 
menthoxyacetyl group, a 2-norbornaneacetyl group, a y-oxo-5- 
acenaphthenebutyryl, a (-)-2-oxo-4-thiazor.dinecarboxyl group, a tetrahydro-3- 
furoyl group, a 2-iminobiotinyl group, a diethylenetriaminepentaacetyl group, a 
20 4-morpholinecarbonyl group, a 2-thiopheneacetyl group or a 2- 
thiophenesulfonyl group. 

A CXCR4 agonist compound of the invention may be further modified 
to alter the specific properties of the compound while retaining the desired 

25 functionality of the compound. For example, in one embodiment, the 
compound may be modified to alter a pharmacokinetic property of the 
compound, such as in vivo stability, bioavailability or half-life. The compound 
may be modified to label the compound with a detectable substance. The 
compound may be modified to couple the compound to an addrt.onal 

30 therapeutic moiety. To further chemically modify the compound, such as to 
alter its pharmacokinetic properties, reactive groups can be derivat.zed. For 
example, when the modifying group is attached to the amino-terminal end of 
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the sdf 1 core domain, the carboxy-terminal end of the compound may be 
le mldl . Potential C-,ermina, modifications include those tha, reduce 
further moam substra te for carboxypeptidases. 

the ability of the compound to act as a etny | amld e 
Examples of C-terminal modifiers include an am,de group, an ethyla 

„ and various non-natura. amino acids, such as D-amino aads and p- 
alan'^a Alternatively, when the modifying group is attached to the carboy 

temina , end of the ^^^^T^Z 

compound may be further mod.fied, for example, 
compound to act as a substrate for aminopeptidases. 

A CXC. agonist compou. can be ^her mc .fied^ 

:r;rer:r^r:::%u, — . n: 

" materials, luminescent materials and — 
Examples of suitable enzymes include horseradish perox,dase A*. 

u . „ ala ctosidase or acetylcholinesterase; examples of suable 
"Z^TZZ, include s,reptavidin,bio«n and avidin,bio,in 
irarTp o sui able fluorescent materials include umbellKerone, fluorescein, 
Tuol-in isothiocyanate, rhodamine, dichlorotriazinylamine fluores e n 
, irh oride or phycoery**; an example of a luminescent mate a, 
nc uL luminol; and examples of suitable radioacfive matena, mclude a 
£t? Z i», -re *S or *. A CXCR4 agonist compound may be 
JioJU 'labeled wKh «C. eKher by incorporate of «C into the mod«ying 
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wh icb a cheiation group for - iabe, can be educed, such as the A,c 
„e - choiic acid^h * a J^„ ^ 

slpl of radioactive iodine m ay be incorporated to create a d.agno * 
;tn -i <ha«e=t3.2 hours, may be used for wnoie body scn^phy, J 
Mf ,ife=4 days) may be used tor posKron emission J 
Tl mo days) may be used for metaboiic turnover stud,es and I (half 
EE! Z I ^ed for «ho,e body counting and deiayed io* reso,ut,on 



10 imaging studies. 
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in an alternative chemical modification, a CXCR4 agonist compound of 
In an aiternai .. nrodrua " form wherein the compound 

the invention may be prepared in a prodrug torm, 

L. -s not ac, as a CXCM ^^^l,^ 
tra nsformed, upon ^^J^'J^.. modi^ing group 

r: rrc - :: „ - — u PO n 

can be presenx in * ^ a prodrug form of 

.etaboiism into the form of an active .CXCR* ago™ a 

hased drug (see e.g., moss, j. ; ^ ■ , oHq x 

Conning Transport and Metaboiism, Tayior, M. D. and Am,don, G. L. <eds>, 



Chapter 18. 
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CXCR4 agonist compounds of the invention may be prepared by 

• ^ art A neotide or polypeptide component of 
standard techniques known in the art. A pep or P VP P 

a CXCR4 agonist may be composed, at least .n P^^^ M . 
using standard techniques (such as those de * cr, ° ed 
Principles of Peptide Synthesis, Springer Verlag, Berhn (1993), Grant, G£ 
Principles or y, Free man and Company, New 

(ed). Synthetic Peptides: A Users Guide, w.M.r 

. , , ■„ i npwald B Loetscher, M., Moser, B., ana 
York (1992); or Clark-Lewis, I., Dewaia, b., l 
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■ r ■ M M994)J Biol Chem., 269, 16075-16081). Automated peptide 
Bagg.olim, M.. (1994) J. b.o.. Advance d ChemTech Model 

^r^x^ - -~ pepMes r 

CXCR4 agonist ac » analyzed by mass spectrometry. 

tnr ough an amino group (e.g. ^^J^^ of . peptide), a 
a peptide,, a oanooxyl group (e^at «-« V or ^ 

hydroxy! group (e.g., on a tyrosme, senne o ^ 
suitable reactive group on an amino ao,d s,de ^JT^ W,ley and 
and Wuts. P. G. M. Protective Groups in Orgarac Synthes,s, 
Sons, Inc., New York (1991)). 

,n another aspect o, the invention, CXCR4 agonist ^ ^ 

u otonH^rd DNA synthesis methods (e.g., using an 

m ay b e derived trom *e natural 
the polymerase chain reaction (PCR) ana/or 
according to standard molecular biology techniques. 

. . „ icnioted nucleic acid molecule 
The invention also provides an isolated nuc.e 

^inn a nPDtide of the nvention. In 
• ■„„ o nurlPotide sequence encoding a pepnae u. 

having a, least one amino aoid deletion compared to na„ve SDF-1. 
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•■nucleic acid molecule" is intended .o include DNA molecules and RNA 
: ules and may be single-stranded or double-stranded. In aKernaUve 

m ore amino acids are deleted from the N-terminus. C-term,nus and/or an 

5 internal site of SDF-1 . 

To facilitate expression of a peptide compound in a host cell by 
standard recombinant DNA techniques, the isolated nucleic acid encod.ng he 
peptide may be incorporated into a recombinant express.cn vector 
,0 According* the invention also provides recombinant express,on vectors 
c X Z he nucleic acid molecules o, the invention. As used herein *e 
I vector refers to a nuCeic acid molecule capable of transport ano her 
nucleic acid to which it has been operate* linked. Vectors may ,nc,ude 

15 Tlpable o, autologous replication in a host cel, into which they are 
1 uced (such as bacteria, vectors having a bacteria, orfcin o, repl,cat»n 
and episoma, mammalian vectors). Other vectors (such as non-eprsoma 
mammalian vectors, may be integrated into the genome of a host ce, upon 
introduction into the host ce,,, and thereby may be replicated along w,th the 

2 0 host genome. Certain vectors may be capable of directing the express,on of 
gene! to which they are operative* linked. Such vectors are referred to 
herein as "recombinant expression vectors" or "expression vectors . 

,„ recombinant expression vectors of the invention, the nucleotide 
25 sequence encoding a peptide may be operative* linked to one or more 
egulatory sequences, selected on the basis of the host ce,ls to be use or 
expression. The terms "operative* linked" or "operably" linked mean that the 
sequences encoding the peptide are linked to the regulatory 
manner that a„ows for expression of the peptide compound T*. ten. 
30 "regulatory sequence" includes promoters, enhancers, po,yadeny,a„on s,gna 
and other expression contro, elements. Such regu,atory sequences a e 
described, for examp,e, in Goeddel; Gene Expression Technology: Methods 
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in Enzymology 185, Academic Press, San Diego, Caiif. (1990) (incorporated 
herein be reference). Regulatory sequences Mud. those that d.reo. 
constitutive expression of a nucleotide sequence in many types of host cell 
those that direct expression of the nucleotide sequence only in c«rta,nhos 
cells (suoh as tissue-specific regulatory sequences) and those that d.rect 
expression in a regulable manner (such as only in the presence of an 
inducing agent). The design of the expression vector may depend on such 
factors as the choice of the host cell to be transformed and the level of 
expression of peptide compound desired. 

The recombinant expression vectors of the invention may be designed 
for expression of pepMe compounds in prokaryotic or eukaryotic cells. For 
example, peptide compounds may be expressed in bacterial cells such as E. 
coli insect cells (using baculovirus expression vectors) yeast cells or 
mammalian c«lls. Suitable host cells are discussed further in Goeddel, Gene 
Expression Technology: Methods in Enzymology 185, Academic Press. San 
Diego Calif (1990). Alternatively, the recombinant expression vector may be 
transcribed and translated in vitro, for example using T7 promoter regulatory 
sequences and T7 polymerase. Examples of vectors for expressior Mr .yeas, 
S cerivisae include pYepSed (Baldari e, al., (1987) EMBO J. 6:229-234), 
pMFa (Kurjan and Herskowitz. (1982) Cell 30:933-943), P JRY88 (Schu,tz e. 
al (1987) Gene 54:113-123), and pYES2 (Invitrogen Corporation, San D,ego, 
Calif ) Baculovirus vectors available for expression of proteins or peptides ,n 
cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smrth et al 
; (1983) Mol. Cell. Biol. 3:2156-2165) and the P VL series (Luoklow, V. A., and 
Summers, M. D„ (1989) Viroiogy 170:31-39). Examples of mammal,an 

• nrnMfi (Seed B (1987) Nature 329:840) and 

expression vectors include pCDMo [peea, d., yi* , 

PMT2PC (Kaufman et al. (1987), EMBO J. 6:187-195). When used ,n 
mammalian cells, the expression vector's control functions are often prov,ded 
0 by viral regulatory elements. For example, commonly used promoters are 
derived from polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40. 
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,„ add-on ,o regulatory con.ro, sequences, recomb.nan, expre ,on 
vectors may contain additiona, nucleotide sequences, such as a selectable 
ZZ gee to iden«y host cells that have incorporated the vec o n 
Cal marker genes are well Known in the art. To fac tate secre n * 
the peptide compound from a host ce,l, in particular mammal.an host * he 
recombinant expression vector preferably encodes a 
operatives linked to sequences encoding the amino-term,nu of e pepMe 
compound such that upon expression, the peptide compound ,s syn.hes,zed 
Tthe signal sequence fused to u amino terminu, ~ = 
directs the peptide compound into the secret pathway of the and s 
then cleaved, allowing for release o, the mature peptide compou d e., the 
pele compound w,hou, the signal sequence) from the host cell. Use of a 
sequence to ,a«a,e secretion of proteins or peptides from mamma„an 
host cells is well known in the art. 

A recombinant expression vector comprising a nucleic acid encoding a 
pep ,ide compound may be introduce, into a host cel, to 
compound in the host ce„. Accordingly, the invention also prov.des ho. U* 
containing the recombinant expression vectors of the ,nven^ The te ™ 
■nos. eel," and "recombinant host cell" are used interchangeably herern. Such 
ZsTefer no. only to the particular subject cel, bu. .0 the progeny or potent, 
pTe y o, such a ce„. Because certain modifications may occur ,n 
Zlg generations due to e«her mutation or environmen 
such progeny may not, in fact, be identical to the parent cell, but are 
Z^ZL the scope o, the term as used herein. A ho, cell may beany 

.1 cor ^vamDle a peptide compound may be 
orokaryotic or eukaryotic cell. For example, a pep k 

ex^sled in baCeria, cells such as E. coli, insect cells, yeas, or mamma, an 
ceUs. The peptide compound may be expressed in vivo in a sub.ee, to the 
subject by gene therapy (discussed further below). 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via 
conventional transformation, transfection or infection techniques. The terms 
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,. ( a tinn» "transfection" or "infection" refer to techniques for introducing 
"transformation , transiecuun , ■ m 

foreign nucleic acid into a has, ce,l, including calcium phcsphate or calcum 
Z e co-precipi,a«on, DEAE-dex.ran-media.ed .rans.ec.ion. 
elation, nloinjecion and viral-mediated infedon. SuLable 
5 ^forming, .rans.ec.ing or in.ec.ing hos. ceils can for example .» 

in Sambrook et al. (Molecular Cloning: A Laboratory Manual, 2nd BMon. 
J£Z Harbor Laboratory press (1989)). and Cher Moratory manuals. 
Melds .o' inducing DMA in.o mammalian cells in vivo are also Known 
aid may be used .o deliver .he veCor DNA of the invention to a sublet for 
10 gene therapy. 

For stable transfection of mammalian cells, « is known that, depending 
upon the expression vector and .ransfection technique used, only a small 
S!of cl may integrate the foreign DMA into their genome^ £££ 
,5 identify and select these integrants, a gene that encodes a selectable nwtar 
suTas resistance to antibiotics) may be introduced into the host ceils along 
I the gene of interest. Preferred selectable markers 
confer resistance to drugs, such as G418. hygromyen an . me. o re a,e. 
Nucieic acids encoding a seleCable marker may be introduced into ho , «. 
20 on the same vector as .ha. encoding the peptide compound or may be 
n r uced on a separate vector. Ce„s stably transacted with the introduced 
SI may Z identic by drug seiection (ceils that have incorporated 
,he selectable marker gene will survive, while the other cells d,e). 

A nucleic acid of the invention may be delivered to cel,s in vivo using 
methods such as direct injection of DNA, receptor-mediated DNA uptake o 
: : lated infection. Direct inaction has been used to 
DNA into cells in vivo (see e.g., Acsadi et al. (1991) Nature 332.8 5-m 
Wolf, e. a,. (1990) Science 247:1465-1468). A delivery aoparaUrs £ . , 
30 "gene gun") for injecting DNA into cells in vivo may be used. Such an 
apparaL may be commercially availabie (e.g., from BioRad). Naked DNA 
Z2 introduced into ceiis by compiexing the DNA cation, such as 
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poiylysine which is coupled to a ligand for a cell-surface receptor (see for 
e I e Wu, G. and Wu, C. H. (1988, 0. Bio,. Chem. 263,4621; W^on e, a. 

Z J Bio,. Chem. 267,963-967; and U.S. Pat. No. 5,66,320). B.nd.g of 
DNA-iigand com P ,ex ,o the receptor may faciiitate uptake of the DNA by 

eceptor-mediated endocytosis. A DNA-,igand compiex iinKed to adenovr 
Z P L that disrupt endosomes, thereby leasing matenai ,n,o . e 

Z lasm, may be used to avoid degradation of the compiex M 

,yt omes (see for exampie Curie, e. a, (1991, Proc Na 

88:8850; Cristiano et al. (1993) Proc. Nat,. Acad. SC. USA 90;2 12 2-2126). 

Defective retroviruses are we,, characterized for use in gene , transfer 
for gene therapy purposes (for reviews see Miner, A. D. (1990, Blood 7*271 
Kume e, a, (1999) ,n,erna.iona,. J. Hemato,. 69;227-233). Protocol for 
Z X recLbinan, retrovirus and for infecting ce,,s „ Wfro or „ wvo 
1 sucn viruses can be found in Current Protocols in » 
Ausube,, F. M. et al. (eds.) Greene Publishing Assocates, ( 989 Se«o s 
, 1MM and other standard laboratory manuals. Examples of sutebte 
etroviruses include pU, P Z,P, pWE and pEM which are we,, Known to those 
sKilled in the art. Examples of su«ab,e packing virus lines 

■ A m Retrnuimses have been used to introduce a 
n .ni Cre> nwi 2 and .piyi.Am. Ketroviruseu nave 

vali of genes into many d«eren, cel, types, including epithelial ce,,s, 
e ndo,he,ia, oe„s, rymphocytes, myob,as,s, ^^^^^ _ 
*o and/or In v,Vo (see for examp,e Eglitis, e, a, (1985) Sc^ 0^5 

1398- Danes and Mulligan (1988) Proc. Natl. Acad. So, USA 85.6460 6464 
5 Lon et a,. (1988) Proc. Nat,. Acad. So, USA 85:3014 3018; Armen ano e. 

i i ica R7 R141 -6145" Huber et al. (1991) Proc. 
al (1990) Proc. Natl. Acad. Sci. USA 87.6141 o i*o, n 

Nai. Acad. Sci. USA 88.8039-8043; Ferry e, a, (1991) Pro, N* Acad- 
USA 88 8377-8381; Chowdhury et al. (1991) Science 254,802-1805, van 
Beusechem et a, (1992, Proc. Na, Acad. Sci. USA 89:7640 ^Kay eU . 
„ (1992) Human Gene Therapy 3:641-647; Dai e, al. ,1992, Pro. H*to ■ 
Sci USA 89,0892-10895; Hwu et al. (1993) J. Immune,. 150.4104-4 11* 
U S Pa, No. 4,868,116; U.S. Pat. No. 4,980,286; PCT App,ica,on WO 
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89/07136- PCT Application WO 89/02468; PCT Application WO 89/05345; 
and PCT Application WO 92/07573). In various embodiments, a genome of a 
retrovirus that encodes and expresses a polypeptide compound of the 
invention, may be utilized for the propagation and/or survival of cells, such as 
hematopoietic progenitor stem cells, for the purposes of maintaining and/or 
growing cells for the clinical purposes of blood transfusion or engraftment, 
host condoning or applications relevant to chemotherapy, radiation therapy 
or myeloablative therapy. 

For use as a gene therapy vector, the genome of an adenovirus may 
be manipulated so that it encodes and expresses a peptide compound of the 
invention, but is inactivated in terms of its ability to replicate in a normal lyt,c 
viral life cycle. See for example Berkner et al. (1988) BioTechniques 6:616; 
Rosenfeld et al. (1991) Science 252.431-434; and Rosenfeld et al. (1992) CeU 
68143-155 Suitable adenoviral vectors derrved from the adenovirus stram Ad 
type 5 d!324 or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are well 
k „own to those skilled in the art. Recombinant adenoviruses are 
advantageous in that they do not require dividing cells to be effective gene 
delivery vehicles and can be used to infect a wide variety of cell types 
including airway epithelium (Rosenfeld et al. (1992) cited M»>. 
sells (Lemarchand e. al. (1992) Proc. Nat,. Acad. Sci. USA 89:6482-6486,, 
hepatocy.es (Herz and Gerard (1993) Proc. Nat,. Acad. Sci. USA 90:28 2- 
2816) and muscle cells (Quantin el al. (1992) Proc. Natl. Acad. Sc.. USA 
89-2581-2584) In various embodiments, a genome of an adenov.rus that 
encodes and expresses a polypeptide compound of the invention, may be 
utilized for the propagation and/or survival of cells, such as hematopo,et,c 
progenitor stem cells, stromal cells, or mesenchymal cells, for the purposes of 
maintaining and/or growing cells for the clinical purposes of blood transfusion 
or engraftment, host conditioning or applications relevant to chemotherapy, 
j radiation therapy or myeloablative therapy. 
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in some embodiments, adeno-associated virus (AAV) may be used as 
a gene therapy veotor for delivery of DNA for gene therapy purposes. AAV ,s 
a naturally occurring defective virus that requires another virus, such as an 
adenovirus or a herpes virus, as a helper virus for efficient replication and a 
productive life cycle (Muzyczka et al. Curr. Topics in Micro, and Immunol. 
(1092) 158:97-129). AAV may be used to integrate DNA into non-divid,n 9 
cells (see for example Flotte et al. (1992) Am. J. Respir. Cell. Mol. Biol. 7:349- 
356- Samulski et al. (1989) J. Virol. 63:3822-3828; and McLaughlm et al. 
(1989) J Virol. 62:1963-1973). An AAV vector such as that described ,n 
Tratschin et al. (1985) Mol. Cell. Biol. 5:3251-3260 may be used to introduce 
DNA into cells (see for example Hermonat et al. (1984) Proc. Natl. Acad. Sc. 
USA 81 6466-6470; Tratschin et al. (1985) Mol. Cell. Biol. 4:2072-2081; 
Wondisford et al. (1988) Mol. Endocrinol. 2:32-39; Tratschin et al. (1984) J. 
Virol 51-611-619; and Flotte et al. (1993) J. Biol. Chem. 268:3781-3790). In 
some embodiments, a genome of an AAV that encodes and expresses a 
polypeptide compound of the invention, may be utilized for the propagafon 
and/or survival of cells, such as hematopoietic progenitor stem cells, stromal 
cells or mesenchymal cells, for the purposes of maintaining and/or growing 
cells for the clinical purposes of blood transfusion or engraftment, host 
conditioning or applications relevant to chemotherapy, radiation therapy or 
myeloablative therapy. 

General methods for gene therapy are known in the art. See for 
example U S Pat. No. 5,399,346 by Anderson et al. A biocompatible capsule 
for delivering genetic materia, is described in PCT Pub.ication WO 95/05452 
by Baetge et al. Methods for grafting genetically modified cells to treat centra, 
nervous system disorders are described in U.S. Pat. No. 5,082,670 and in 
PCT Publications WO 90/06757 and WO 93/10234, all by Gage et al. 
Methods of gene transfer into hematopoietic cells have also previously been 
3 reported (see C.app, D. W., et a.., Blood 78: 1132-1139 (1991); Anderson 
Science 288:627-9 (2000); and , Cavazzana-Calvo et al.. Science 288:669-72 
(2000), all of which are incorporated herein by reference). 
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Cancers susceptible to treatment with CXCR4 agonists in accordance 
with various aspects of the invention may include both primary and metastat.c 
tumors such as solid tumors, including carcinomas of the breast, colon, 
rectum oropharynx, hypopharynx, esophagus, stomach, pancreas, Inzer, gall 
bladder and bile ducts, small intestine, urinary tract (including kidney, bladder, 
and urothelium), female genital tract (including cervix, uterus, and ovar.es as 
well as choriocarcinoma and gestational trophoblast disease), male gen.tal 
tract (including prostate, seminal vesicles, testes, and germ cell tumors), 
endocrine glands (including the thyroid, adrenal and pituitary glands), and 
skin as well as hemangiomas, melanomas, sarcomas (including those ar.s.ng 
from bone and soft tissues as well as Kaposi's sarcoma) and tumors of the 
brain nerves, eyes, and meninges (including astrocytomas, gl.omas, 
retinoblastomas, neuromas, neurocytomas, Schwannomas, and 
meningiomas). In some aspects of the invention, CXCR4 agonists may also 
serve in treating solid tumors arising from hematopoietic malignancies such 
as leukemias (i.e., ch.oromas, plasmacytomas and the plaques and tumors of 
mycosis fungoides and cutaneous T-cell lymphoma/leukemia) as well as .n 
the treatment of lymphoma (both Hodgkin's and non-Hodgkin's lymphomas). 
In addition, CDCX4 agonists may be therapeutic in the prevent.cn of 
metastasis from the tumors described above either when used alone or .n 
combination with cytotoxic agents such as radiotherapy or chemotherapeut.c 



agents. 



In alternative aspects of the invention, CXCR4 agonists such as SDF-1 
polypeptides may target CD34+ cells to mediate release of CD34* cells to the 
peripheral blood. In these aspects of the invention, CXCR4 agonists such as 
SDF-1 may enhance circulating CD34* cell proliferation and hematopo.et.c 
stem or progenitor cell survival or levels, which may for example be useful .n 
stem cell transplantation. 



-37 - 



in various aspects of the invention, CXCR4 agonists may be used ,n 
reducing the rate of hematopoietic cell multiplication. Method of the invention 
ma y comprise administration of an effective amount of CXCR4 agonists to 
cells selected from the group consisting of hematopoietic stem cells and 
hematopoietic progenitor cells, stromal cells or mesenchymal celt. In 
alternative embodiments, a therapeutically effective amount of the CXCR4 
agonist may be administered to a patient in need of such treatment. Patents 
in need of such treatments may include, for example: patients having cancer, 
patients having an autoimmune disease, patients requiring functional gene 
transfer into hematopoietic stems cells, stromal cells or mesenchyme cells 
(such as for the dysfunction of any tissue or organ into which a stem cell may 
differentiate), patients requiring lymphocyte depletion, patients requ.nng 
depletion of a blood cancer in the form of purging autoreactive or cancerous 
cells using autologous or allgenic grafts, or patients requiring autologous 
peripheral blood stem cell transplantation. A patient in need of treatment ,n 
accordance wKh the invention may also be receiving cytotoxic treatments 
such as chemotherapy or radiation therapy. In some embodiments, CXCR4 
agonists may be used in treatment to purge an ex vivo hematopoietic stem 
cell culture of cancer cells with cytotoxic treatment, while preserving the 
viability of the hematopoietic progenitor or stem cells. 

In alternative embodiments, CXCR4 agonists may be used in 
accordance with the invention to treat hematopoietic cells, in patients in need 

of such treatment, for example: 

i) m hematopoietic recovery and bone marrow regeneration following 

irradiation; 

ii) To ameliorate the myelosuppression associated with dose .ntens.ve 
chemotherapy; 

Hi) In maintenance of high quality mobilized progenitor cells for 
0 harvesting and peripheral blood stem cells transplantation; 

iv) To enhance hematopoietic recovery after autologous stem cell 

transplantation; 
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v) In immunotherapy of cancer and infectious disease; 

vi) in solid organ regeneration (Si.berstein and Toy, 2001, JAMA Vol 

285, 577-580); . 

vii) in stem cell gene therapy and retro-virus gene transfer into 
hematopoietic progenitor cells (Hacein-Bey, 2001 , Hum. Gene Ther. Vol 12, 
291-301; Kaji and Leiden, 2001, JAMA Vol 285, 545-550), stromal cells, or 

mesenchymal cells; 

viii) In bone development, bone repair, and skeletal regenerat.cn 

therapy. 

Although various embodiments of the invention are disclosed herein, 
many adaptations and modifications may be made within the scope of the 
invention in accordance with the common genera, knowledge of those sk.l.ed 
in this art Such modifications include the substitution of known equivalents for 
any aspect of the invention in order to achieve the same result in substantially 
the same way. Numeric ranges are inclusive of the numbers defining the 
range In the claims, the word "comprising" is used as an open-ended term, 
substantially equivalent to the phrase "including, but not limited to". 
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The following examples illustrate, but do not limit, the present invention. 
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Example 1 

Peptides of the invention may be synthesized chemically us.ng the 
Fmoc/tBu strategy on a continues flow peptide synthesizer, as for example 
has been carried out using the following protocols: 

A) Reagents (solvents, support, chemicals) 

Main Solvent: N,N-Dimethylformamide (DMF): certified ACS 

.-• u , /rn-ai a\mw = 7310 The DMF is treated with 
spectroanalyzed from Fisher (D131-4) M.W - m. iu. 
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activated molecular sieves, type 4A (from BDH: B54005) for at .east two 
weeks then tested with FDNB (2,4-Dinitrofluorobenzene from Eastman). 

Procedure: Mix equal volumes of FDNB solution (1mg/ml in 95% BOH) 
and DMF- Let stand 30 minutes; read the absorbance at 381 nm over a FDNB 
5 blank (0.5ml FDNB + 0.5ml 95% EtOH). If the absorbance - 0.2, the DMF .s 
suitable to be used for the synthesis. 

Debloking Agent: 20% Piperidine (from Aldrich Chemical company, 
catalog No: 10,409-4) in DMF containing 0.5 % triton X100 v/v ( from Sigma , 
catalg No: T-9284 ). 

10 Activating Agents: 2-(H-benzot r iazo.-«y.) 1,1,3,3-tetramethyluromum 
tetrafluoroborate (TBTU: M.W.=321.09. from Quantum Richilieu, catalog No: 
R0139)/ Hydroxybenzotriazole (HOBt M.W.=135.1 from Quantum Rich.I.eu, 
catalog No • R0166-100) respectively, 0.52 M in DMF and 4-Methylmorphohne 
(NMM ■ M W =101.15, d=0.926 from Aldrich, catalog No, M5.655-7): 0.9 M ,n 

15 DMF or in the case of sensitive amino acids to racemization like Cys, we use 
2,4,6-Collidine, 99% ( M.W.=121 .18,d=0.917, from Aldrich, catalog No: 

14 238-7 )• 0 78M in DMF/DCM, 1/1 v/v. 

Support- TentaGel R RAM (90 urn), RinK-type Fmoc (from Peptides 
international, catalog No,. RTS -9995-PI): 0.21 mmol/g, 0.5g for 0.1 mmol of 
20 peptide. 

Fmoc-L-amino derivative, side-chains protected with: Boc; tBu; Trt 
groups- with 4 fold excess (from Peptides International, Bachem, 
Novabiochem, Chem-lmpex Inc). Glu24 and Lys24 are A.lyl-protected (from 
Millipore/Perseptive Biosystems). 

25 

B) Initial Amino Loading and Peptide Synthesis Procedure 

The first amino acid Asn31 and the remaining residues are doble 
coupled at 450°C automatically with 4-fold excess in each coupling. The 
synthesis is interrupted after residue Leu19. The peptide-bound support is 
30 removed from the synthesizer column and placed in a react-vial conta.n.ng 
a small magnetic bar for gentle stirring. 
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C) Removal of The Allyl Groups 

A solution of tetrakis(tri P henylphosphine)Pa.ladium(0) Pd(PPh3)4 (from 

Sigma-Aldrich, catalog No: 21,666-6); M.W.-1 155.58 x 0.1 mmol pept.de x 3 
fold = 347mg dissolved in 5% Acetic Acid; 2.5% NMM in CHCI 3 to 0.14 M. 
under argon. The solution is added to the support-bound peptide previously 
removed from the cou.mn in a reactvial containing a small mangnetic bar for 
gentle stirring. The mixture is flushed with argon, sea.ed and stirred at room 
temperature for 6 hours. The support-bound peptide is trasferred to a filter 
funne., washed with 30 ml of a solution made of 0.5% Sodium 
Diethyldithiocarbonate/ in DMF the DCM; DCM/DMF (1 : D and DMF. A 
positive Kaiser test indicate the deprotection of the amino side cha.ne of the 

Lys20. 



D) Lactam Formation: 
15 Activating agent: 7-Azabenztriazol-1-yloxytris (pyrrolindino) 

phosphonium-hexafluorophosphate (PyAOP: M.W.=521 .7 from PerSept.ve 
Biosystems GmbH, catalog No: GEN076531) , 1.4-fold: 0.105mmol x 1.4 x 
521.7 = 76.6mg and NMM 1.5-fold: 0.105 x 1 .4 x 1.5 = 0.23 mmol v = 
0 23/0 9 M NMM solution = 263 pi) 

20 The cyclisation may be carried out in an amino acid vial at room 

temperature overnight (-16 hours) with gentle agitation. The completion of 
cyclization may be indicated by a negative kaiser test. The support-bound 
peptide may be poured into the column, washed with DMF and the 
synthesis continues to completion, with a cyclic amide bridge thereby 

25 introduced into the peptide. 

E) Final Product Removal From The Support: 

The support-bound peptide is removed from the synthesizer in to a 
medium filter funnel, washed with DCM to replace the non-volatile DMF 
30 and thoroughly dried under high vacuum fro at least two hours, or 

preferably, overnight. 

Cleavage Mixture (reagent K): 
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TFA/Phenol/WaterH-hio-Anisol/EDT (82/5/5/5/2.5) ; 7.5ml 

Support: 0.5g resin-peptide. 

A 6.1 5ml ( Biograde from Halocarbon ) 

Phenol 0.375ml (Aldrich) 

Water 0.375ml ( MillQ ) 

Thio-Anisol 0.375ml (Aldrich ) 

EDT 0.187ml (Aldrich ) 



Total 7 - 5ml 

The cleavage may be performed at room temperature for 4 hours 
with gentle agitation on a rocker. 

F) Precipitatation of The Peptide 
5 The cleaved peptide solution is filtered through a filter funnel in a 50 

ml round bottom flask. The support is rinsed twice with 4 ml TFA. The TFA 
solution is concentrated on a rotavap and added drop wise into a cold 
diethyl ether previously treated with activated neutral aluminum ox.de to 
make it free of peroxide. Approximately 10-fold excess of ether are used. 
0 The beads are stored until the yield is determined a peptide characterized. 
The precipitate is collected at room temperature in screw capped 50 ml 
polypropylene vial by centrifugation at 2K rpm, using a top bench 
centrifuge (4 minutes run time). The pellet is washed 3x with cold ether, 
centrifuged and dried with a flow of argon. The precipitate is dissolved .n 
25 20 % acetonitrile 0.1% TFA and lyophilized. 

G) Crude Product Characterization: 

The product is characterized by analytical HPLC. 
Experimental conditions: Column: Vydac 218TP54: C18 reversed-phase 

30 5pm, 4.6 mm ID x 1 50 mm L. 

Eluants: 0.1% TFA/H 2 0 (solvant A); 0.1% TFA/acetonitrile (solvent B) 
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Elution Conditions: 20-50% B (40 min ); 60-90% B (5 min); 90-20% B (5 
min) ; 20% B (10 min). At 1.0 nWmin and A214 nm = 0.5 absorbance un,t 

full scale. 



5 H) Sample Preparation: 

An aliquot of the product is weighed and dissolved in 20% acetonrtn.e 
0 10/0 TFA at a cocentration of 2 mg/ml. The solution is microfuged and 
20ul is applied onto the column. The main peak or the major peaks are 
collected, SpeedVac dried and molecular weight determined by mass 

10 spectrometry. 

,n accordance with various aspects of the invention, a wide variety of 
peptide sequences may be prepared, for which the following nomenclature 
may be used. The portions of the peptide corresponding to a chemok.ne 
15 sequence, such as an SDF-1 sequence may be identified by specifying the 
corresponding portion of the chemokine, wherein for example a reference to 
an SDF-1 sequence refers to a sequence having substantia. ident,ty to a 
portion of the sequence of SEQ ID No: 1. For example, the nomenc.ature 
SDMO-14) connotes the first fourteen amino acids of the N-term.nal 
20 sequence of SDF-1 of SEQ ID No: 1. In some embodiments, N-termina« and 
C-termina. portions of an SDF-1 sequence may be linked by various ammo 
acids or other linking moieties, denoted by a formula (L)n, where.n L .s a 
.inking moiety which may for example be an amino acid and n is zero or an 
integer. The carboxy termina. of the peptide may be modified to be an am.de 
25 rather than a carboxylic acid. In some embodiments, polypeptides of the 
invention may be of the following formula: 



SDF-1 (1 -X)-(L)n-SDF-1 (Y-Z) 
wherein: 

30 X is an integer from 5 to 20; 

L is a linking moiety having at least one carbon atom, such as a 
substituted or unsubstituted alkyl moiety, or an amino acid; 
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n is an integer from 1 to 50 
Y is an integer from 50 to 60 
Z is an integer from 60 to 67 



In some embodiments, (CH 2 )n may for example be used as a linker (L) 
between N- and C-terminal, where n is an integer and may for example be 
less than 20, 30, 40, 50 or 100. 

Exemplary embodiments of linear polypeptide sequences are as 
follows: 

SDF-1 (1 -14)-(G) 3 -SDF-1 (55-67) acid: 
H 2 NKPVSLSYRCPCRFFGGGLKWIQEYLEKALNCOOH 

SDF-1 (1-1 4)-(G) 4 -SDF-1 (55-67) acid : 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCOOH 

SDF-1 (1 -1 4)-(G) 3 -SDF-1 (55-67) amide: 
H 2 NKPVSLSYRCPCRFFGGGLKWIQEYLEKALNCONH 2 

SDF-1 (1-14)-(G) 4 -SDF-1 (55-67) amide: 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCONH 2 



SDF-1 (1 -1 7)-(G) 3 -SDF-1 (55-67) acid: 

H 2 NKPVSLSYRCPCRFFESHGGGLKWIQEYLEKALNCOOH 
SDF-1 (1 -1 7)-(G) 4 -SDF-1 (55-67) acid: 

H 2 NKPVSLSYRCPCRFFESHGGGGLKWIQEYLEKALNCOOH 
SDF-1 (1 -1 7)-(G) 3 -SDF-1 (55-67) amide: 

H,NKPVSLSYRCPCRFFESHGGGLKWIQEYLEKALNCONH 2 



SDF-1 (1 -1 7)-(G) 3 -SDF-1 (55-67) amide: 
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H 2 NKPVSLSYRCPCRFFESHGGGGLKWIQEYLEKALNCONH 2 



0 



In alternative embodiments, peptides of the invention may be cyclized, 
for example glutamate (E) and iysine (K) residues may be joined by side cha.n 
cyclization using a lactam formation procedure, as indicated in the following 
5 sequences by double underiining o, linKed residues. Lactams may fo 
example be formed between glutamic acid (E) a, amino acd resrdue 24 and 
lysine (K) at either position 20 or 28 in the polypeptide (wh,ch does no. 
Lrespond necessarily v* the numbering of that residue in 
sequence). In further alternatives, a lysine (K) may be substituted by leucne 
,„ (L), online (O, or other hydrophobic residues, such as isoieuane (I) 
norieucine (N,e), methionine (M), valine (V), alanine (A), tryptophan (W, o 
Phenylalanine (F). Similarly, glutamate (E, may for example be substituted 
wi* aspartate (D), denoted by nomenclature such as (E24 -> D, ,nd,cat,ng a 
substitution at posKion 24 in the peptide wherein aspartate replaces 
15 glutamate. 

SDF-1 (1 -14)-(G) 4 -SDF-1 (55-67)-E24/K28-cyclic acid 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCOOH 

SDF-1(1-14)-(G) 4 -SDF-1(55-67)-K20/E24-cyclicacid 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCOOH 

SDF-1(1-14HG) 4 -SDF-1(55-67)-E24/K28-cyclic amide 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCONH 2 

SDF-1 (1 -14)-(G) 4 -SDF-1 (55-67) K20/E24-cyclic amide 
H 2 NKPVSLSYRCPCRFFGGGGL^/IQEYLEKALNCONH 2 

,n alternative embodiments of the peptides of the invention, underlined 
spacer monomers (such as the illustrated glycine G» may for be used ,n 
20 variable numbers, such as 2, 3 or 4 glycines. 
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,n alternative embodiments, internal cyclization of peptides of the 
invention may be in a— e positions, or between substituted , amino 
The nature of the oyolio linkage may also be varied. For example, the linkage 
shortened by replacing the re,eva, glutamate „ * — 
p, residue, and/or replacing the lysine (K) with an orn,th ne (O > - 
Gyration is for example possible between Aspartc acd 24 (D24) and 
Lyste 20 or 28 (K20 or K28). as illustrated in some of the exempli 
polypeptides. 

SDF-1 (1 -14)-(G) 4 -SDF-1 (55-67)-K20/D24-cyclic acid 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQDYLEKALNCOOH 

SDF-1(1-14)-(G) 4 -SDF-1(55-67)-K20/D24-cyclic amide 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQDYLEKALNCONH 2 

□.sulphide or su.phide bridging may be used to produce alternative 
embodiments of the po.ypeptides of the invention, in which cyste.ne res.due 
m ay for examp, be involved in bridge formation, as indicated in the fo.low.ng 
sequences by double underlined residues. 

SDF-1(1-14)-(G) 4 -SDF-1(55-67)-C9/C11-cycr.cacid 
H 2 NKPVSLSYRSPCRFFGGGGLKW.QEYLEKALNCOOH 

SDF-1(1-14)-(G)4-SDF-1(55-67)-C9/C11-cyclic amide 
H 2 NKPVSLSYRCPQRFFGGGGLKWIQEYLEKALNCONH 2 

,„ one aspect, polypeptide compounds of the invention may provide a 
CXCR4 agonist comprising a peptide having: (a) an 
nomo.ogous to a chemokine, such as an SDF-1 N-term.na, sequence, (b^ C 
termina. sequence homologous to a chemokine, such as an SDF-1 C.erm.na, 
sequence; (c) a linking moiety joining the N-termina. sequence to the 
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terminal sequence, such as a polypeptide linker; and, (d) an interna, cycl.c 
bridge formed between portions of the polypeptide, such as an amide l.nk.ng a 
carboxylic acid side chain on a first amino acid residue and an am.ne s.de 
chain on a second amino acid residue. In some embodiments, the C-term.nal 
sequence may comprise the internal cyclic bridge. 

As shown above, exemplary embodiments of polypeptides of the 
invention have been synthesized, having N-termina. SDF-1 residues (1-14) or 
(1.17) linked to C-terminal SDF-1 residues (55-67) by a three or four-glyc.ne 
linker 'in some embodiments, peptides are cyc.ized between glutamic acid (at 
24 position) and lysine (at 20 or 28 position). Lactamization may be affected 
by removing the a.lylic group from both side chains of lysine and glutamic acd 
using the palladium technique and then effecting internal amide bond 
formation between the corresponding lysine and glutamic acid. Selected 
members of this family of polypeptides showed high affinity in a CXCR4 
receptor binding assay (CEM cells) and in activating [Ca 2+ ] mobilization (THP- 
1 cells). Further embodiments of polypeptides are listed below: 

SDF-1 (1-14)-(G) 4 -SDF-1 (55-67)-K20/D24-(E24 -> D)-cyclic acid or amide 
SDF-1 (1-14)-(G) 4 -SDF-1(55-67)-K28/D24-(E24 -> D)-cyclic acid or amide 
Cyclization may also take place between ornithine (O) and glutamic acid (E): 
SDF-1(1-14)-(G) 4 -SDF-1(55-67)-O20/E24-(K20 ->0)-cyclic acid or amide 
SDF-1(1-14)-(G) 4 -SDF-1(55-67)-028/E24-(K28 ->0)-cyclic acid or amide 
Cyclization may also take place between ornithine (O) and aspartic acid (D): 
SDF-1 (1-14)-(G)4-SDF-1(55-67)-O20/D24-(K20 -> O & E24 -> D)-cyc.ic acid or amide 
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SDF-1(1-14)-<G),-SDF-1<55-67)-028/D24-(K28 -> O & E24 -> D)-cyolic acid 

or amide 

,„ some embodiments, proline (P) at position 6th may be replaced with serine 
(S ) In some embodiments, lysine (K) and glutamic acid (E) may be replaced 
by ornithine (O) and aspartic acid (D), respectively. Similarly, substations 
may be made in the LSYR region, replacing lucine (L), serine (S), tyrosine (Y) 
or arginine <R) by proline (P) or other similarly shaped moiety. Alternately, 



proline may be substituted with P*: 



Where P* = 




with X= Ar, Ar-OH, alkyl and more 

COOH 



A wide variety of amino acid substitutions may be made in polypeptide 
15 sequences, such as K to E, K to D, O to E, O to D. Moieties other than 
naturally occurring amino acids may also be substituted, such as Btd: 



Where Btd* = 




COOH 



X= Alkyl, Ar, Ar-OH and more 




COOH 




COOH 



20 



Similarly, polypeptides may be prepared using sequences from chemokines 
other than SDF-1. Such as residues 36-50, 10-50 or 55-70 of MIP-1a: 



SDF-1(1-14)-(G)4-Ml p - 1a < 36 - 50 '" acid ° r am ' de 
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H 2 N-KPVSL 



SYRCPCRFFGGGGSKPGVIFLTKRSRQV 



-CONH2 



10 



SDF-1(1-14)-(G) 4 -MIP-1a(11-50)- acid or amide 



H 2 N- 
5 KPVSL 



15 



SYRCPCRFFGGGGCCFSYTSRQIPQNFIADYFETSSQCSKPGVIFLT 



KRSRQV-CONH2 

SDF-1(1-14)-(G)4-M |p - 1a ( 56 ' 70) " acid ° r am,de 
H2N-KPVSLSYRCPCRFFGGGGEEWVQKYVDDLELSA-CONH2 

in various Figures, compounds are identified by abbreviations, as follows; 

Stpirtnmnf CTCE9901: 

SDF-1 (1-9) 2 -C9/C9-cysteine dimer 

H 2 NKPVSLSYRCCOOH 



H2NKPVSLSYRCCOOH 



20 



25 



30 



35 



40 



St ructure of CTCE 9902: 
SDF-1(1-17) 

H2NKPVSLSYRCPCRFFESHCOOH 

Structure of CTCE9904: 

SDF-1 (1-8>2-lysine bridge dimer 

H 2 NKPVSLSYR 

I 

K-CONH2 
I 

H 2 NKPVSLSYR 

StructureofCICEOf^ 

SDF-1 (1-14)-(G) 4 -SDF-1 (55-67) acid 

H2NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCOOH 

Rtmcture of CTCE OOlZl 
SDM(1 : 14)-(G)4-SDF-1 (55-67) amide 

H2NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCONH2 
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Qtnir.t..rfl nf CTCE0022: 

SDF-1(1-14)-(G)4-SDF^1(55-67)-E24/K28-cyclic amide 
H 2 NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCONH 2 

Qtn.rtiirpof CTCE0021: 

SDF-1 (1-14)-(G)4-SDF^1(55-67)-K20/E24-cyclic amide 
H2NKPVSLSYRCPCRFFGGGGLKWIQEYLEKALNCONH2 

Example 2 

Tables 1 and 2 show the effect of CXCR4 agoinists on bone marrow 
progenitor cells, particularly primitive erythroide cells and primitive 
granulocytes, compared to mature granulocytes. To obtain the data in Tables 
1 and 2 cells were pre-incubated with each of the compounds or saline alone 
(•no drug' as control). The cells were then exposed to high dose H 3 -thymid.ne, 
a cytotoxic agent. Rapidly dividing cells accumulate proportionally more of the 
cytotoxic radioactive thymidine and as a result are preferentially killed. The 
relative proportion of cells killed by the thymidine treatment compared to the 
control is indicative of the relative effectiveness of the compounds in reducing 
cellular multiplication, i.e. decreasing the rate of cell cycle progression. A 
higher (or unchanged) proportion of killed cells compared to the control .s 
indicative that a compound does not reduce cellular multiplication of the given 
cell type. 



Effector CXCR4 Agonists on Bone Marrow Progenitor Cells Exposed to 
H 3 -Thymidine. 



Primitive 
Erythroide 

Primitive 
Granulocyte 



% CELL KILLED 
No drug (control) SDF-1 

71 2 



46 



1 



SDF-1 (1-9)2 



1 



Mature 
Granulocyte 



39 



45 



42 



-50- 



In Table 1, SDF-1 polypeptide (KPVSL SYRCP CRFFE SHVAR 
ANVKH LKILN TPNCA LQIVA RLKNN NRQVC IDPKL KWIQE YLEKA LN) is 
used at 100 ng/ml on a human bone marrow cell culture. SDF-1(1-9) 2 
(KPVSLSYRC-X-CRYSLSVPK) is used at 50 ug/ml on a human bone marrow 

cell culture. 

Table 2 further demonstrates that SDF-1 (1-1 4)-(G) 4 -SDF-1 (55-67)- 
amide and SDF-1 (l-l4)-(G) 4 -SDF-1(55-67)-K20/E24-cyclic amide are both 
able to inhibit cell cycling in human positive erythroid and primitive 
granulopoietic cells, but not in mature granulopoietic cells, in the assay as 
described above in this Example. 



Table 2 



% CELL KILLED 
No drug (control) Compound A Compound B 



Primitive 

Erythroide 47 +/- 4 



5 +/- 3 -7 +/- 6 



Primitive 
Granulocyte 



42+/- 3 1+/-6 -11+/- 7 



Mature 

Granulocyte 48 +/- 3 



39 +/- 5 44 +/- 6 



Where: Compound A is SDF-1(1-14)-(G) 4 -SDF-1(55-67)-amide; 
Compounds B is SDF-1(1-14)-(G) 4 -SDF-1(55-67)-K20/E24-cyclic amide 



Example 3 

The present example demonstrates the therapeutic effectiveness of 
CXCR4 agonists in an animal model, showing protection of hematopoietic 
cells from cytotoxic treatments with CXCR4 agonists. In these animal studies, 
normal mice were treated with the cytotoxic chemotherapeutic agent 
arabinose-cytosine (Ara-C), which are known to deleteriously affect cells with 
high rates of DNA synthesis (reflecting rapid cell cycling). 
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As shown in the graph of Figure 1, in mice given a single dose of 
Arabinose Cytosine (Ara-C) at 350 mg/kg at day zero intravenously, white 
blood cell count (WBC) decreases (due to the cytotoxic action of Ara-C). In 
contrast, in mice given the peptide SDF-1(1-14)-(G) 4 -SDF-1(55-67)-K20/E24- 
cyclic amide (designated CTC in the graph legend) in combination with Ara-C, 
the extent of white blood cell count decrease is significantly ameliorated. In 
the graph, circular data points correspond to the white blood cell count in 
animals that received Ara-C but did not receive the peptide, and triangular 
data points are for animals that received Ara-C and SDF-1 (1-14)-(G) 4 -SDF- 
1(55-67)-K20/E24-cyclic amide. The data clearly demonstrated the protective 
action of the peptide of the invention against the cyctotoxic action of Ara-C. 



Example 4 

The efficacy of SDF-1 and SDF-1 peptide analogs as CXCR4 agonists 
15 was demonstrated through CXCR4 receptor binding assays. A competitive 
dose response for binding to the SDF-1 receptor by native SDF-1 and the 
CXCR4 agonists against 125 I-SDF-1 is shown in Figures 2A and 2 B 
respectively. A concentration-dependent inhibition of 125 I-SDF-1 is illustrated 
in Figure 2A, indicating the affinity of SDF-1 for the receptor. A Scartchard 
20 plot is illustrated, and the K D was determined to be 26nM. SDF-1 and the 
indicated analogs (competing ligands) were added at the concentrations 
illustrated in the presence of 4nM 125 I-SDF-1. CEM cells were assessed for 
125 |-SDF-1 binding following 2 hr of incubation. The results are expressed as 
percentages of the maximal specific binding that was determined without 
25 competing ligand, and are the mean of three independent experiments. The 
inhibition of 125 I-SDF-1 by SDF-1 and the SDF-1 analogs is indicative of 
CXCR4 receptor binding. The compounds illustrated in the figure are as 
follows: SDF-1(1-14)-(G) 4 -SDF-1(55-67)-K20/E24-cyclic amide (CTCE0021), 
SDF-1(1-14)-(G) 4 -SDF-1(55-67)-E24/K28-cyclic amide (CTCE0022), SDF-1 
30 (1-9) 2 -C9/C9-cysteine dimer (CTCE9901), SDF-1(1-17) (CTCE9902), SDF-1 
(1-8) 2 -lysine bridge dimer (CTCE9904) and SDF-1 (1-14)-(G) 4 -SDF-1 (55-67) 
amide (CTCE0017). 
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TNsTxample illustrates the efficacy of SDF-1 and SDF-1 peptide 
analogs in mediating intracellular calcium mobilization ([Ca 2 !.)- To illustrate 
that the binding of SDF-1 and SDF-1 peptide analogs results in the agon.st.c 
induction of the CXCR4 receptor, [Ca 2+ ]i mobilization assays were conducted, 
the results of which are shown in Figure 3. To obtain the data shown .n 
Figure 3, fura-2,AM loaded THP-1 cells (1x10 6 /ml) were stimulated w.th SDF- 
1 SDF-1(1-14)-(G) 4 -SDF-1(55-67) K20/E24-cyclic amide or SDF-1(1-14)- 
(G) 4 -SDF-1(55-67)-E24/K28-cyclic amide at the concentrations indicated (the 
values represent the mean */- one S.D. of n=3 experiments). As shown by 
the data in Figure 3, incubation of THP-1 cells with SDF-1, SDF-1 (1-1 4)-(G) 4 - 
SDF-K55-67) K20/E24-cycr.c amide or SDF-1 (1-1 4)-(G) 4 -SDF-1 (55-67)- 
E24/K28-cyclic amide resulted in the receptor-mediated induction of [Ca ], 
mobilization. The EC 50 values (the concentration of ligand necessary to 
effectively induce 50% of the full [Ca 2+ ], mobilization potential) for SDF-1 (1- 
14 )-(G )4 -SDF-1(55-67) acid, SDF-1 (1 -14)-(G)4-SDF-1 (55-67)-K20/E24-cyclic 
amide or SDF-1(1-14)-(G)4-SDF-1(55-67)-E24/K28-cyclic amide and nat.ve 

SDF-1 is shown in Table 3: 



5 



Table 3 

Compound 



SDF-1 



SDF-1 (1 -1 4)-(G) 4 -SDF-1 (SS-o / )- 
E24/K28-cyclic amide 



EC™ (nM) 
26.56 



SDF-1 (1 -1 4)-(G) 4 -SDF-1 (55-67)- 
K20/E24-cyclic amide 



SDF-1(1-14HG)4-SDF-1(SS-PQ agid 



106.25 



147.94 



188.30 



The comparative ability of SDF-1, SDF-1 (1-1 4)-(G) 4 -SDF-1 (55-67)- 
K20/E24-cyclic amide (CTCE0021), SDF-1 (1-1 4)-(G)4-SDF-1 (55-67)- 
E24/K28-cyclic amide (CTCE0022), SDF-1 (1-9) 2 -C9/C9-cysteine dimer 
(CTCE9901), SDF-1 (1-1 7) (CTCE9902), SDF-1 (1 -8) 2 -lysine bridge d.mer 
(CTCE9904) and SDF-1 ( 1-14)-(G)4-SDF-1 (55-67) amide (CTCE0017) to 
induce [Ca 2+ ], mobilization at the ligand concentration that the nat.ve SDF-1 
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gave maximal [Ca 2 l mobilization (1uM. refer to Figure 3) is illustrated .n 
Figure 4 Fura-2,AM loaded THP-1 cells (1x10 6 /ml) were stimulated with 
native SDF-1 and the SDF-1 peptide agonist analogs at the concentration of 
native SDF-1 that gave the maximum [Ca 2+ ]i stimulation <1uM) (the values 
5 represent the mean +/- one S.D. of n=3 experiments). 

Example 6 

Primitive high proliferative potential colony forming cells (HHP-CFC) in 
an adherent layer in culture are usually in a quiescent state. This long term 
10 culture (LTC) is established seven to ten days after initiation of the LTC. The 
cells may be stimulated to proliferate by the addition of fresh medium. Both 
BFU-E (burst forming unit - erythroid precursor) cells and CFU-GM (colony 
forming unit - granulocyte-monocyte common precursor) cells of LTC may be 
maintained in a quiescent state by the mesenchymal^ derived stromal cells ,n 
15 an adherent layer, but can be reversibly stimulated into the cycle by the 
addition of fresh media. The ability of CXCR4 agonists such as SDF-1 and 
SDF-1 polypeptides to overcome this activation may be determined by adding 
it to the LTC during the medium change. Rapidly dividing cells w.ll 
accumulate proportionally more of a cytotoxic agent, such as radioact.ve 
20 thymidine, and as a result are preferentially killed. 

The results depicted in Table 4 illustrate the ability of SDF-1, and SDF- 
1(1-14)-(G) 4 -SDF-1(55-67)-K20/E24-cyclic amide (CTCE0021) and SDF-1(1- 
14)-(G) 4 -SDF-1 (55-67) acid (CTCE0013) to repress the proliferation of 
25 clonogenic erythroid and granulopoitic progenitors (which differentiate .nto 
erythrocytes, platelets, monocytes/macrophages and neutrophils) in an m v,tro 
LTC-IC (long-term culture-initiating cells) assay. 

Table 4. Effect of SDF-1 and SDF-1 agonists on the cycling of 
30 primitive progenitors in the adherent layer of human LTC. 

% Kill after 3 H-Thymidine 
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Treatment "nse P rimitive BFU-E Primitive CFU-GM 

48 +/- 4 44 +/- 3 



None 



CTCE0013 1ng/ml 24+/- 6 22 +/- 7 

lO^g/ml 0+/-2 0 +/- 0 

SDF-1 IjiO/ml 4+/- 3 5+/- 4 

CTCE0021 1 jig/ml 2 +/- 4 0 +/- 3 

To obtain the results set out in Table 4, clonogenic erythroid (BFU-E) 
and granulopoietic (CFU-GM) progenitors were assayed in methylcellulose 
cultures. Adherent cells were treated with fresh medium alone (as control) or 
with the indicated CXCR4 agonist (10 uj/ml SDF-1, CTCE0021 or 
CTCE0013). Dishes were harvested three days later and 3 H-thymidine 
suicide assays performed on the progenitor cells in the adherent layer to 
determine the proportion of cells killed as a result of accumulation of cytotoxic 
3 H-thymidine, where the difference between the cells in the control and the 
nuber of cells remaining represent the cells killed. 

Figure 5 illustrates that feeding cultures SDF-1 in conjunction with 
media changes results in significantly reduced cell mortality of hematopoietic 
cells when the cells are challenged with an agent that is preferentially 
cytotoxic to dividing cells, in which circles represent BFU-E cells (burst 
forming unit-erythroid precursors), and squares represent CFU-GM cells 
(colony forming unit-granulocyte-monocyte common precursor). Figure 6 
shows that a similar concentration dependent effect may be obtained with 
SDF-1 (1-14)-(G) 4 -SDF-1 (55-67)- K20/D24-cyclic amide (Compound #1) and 
SDF-1(1-9) 2 (Compound #3). Together, Figures 5 and 6 illustrate that the 
SDF-1 polypeptide and SDF-1 peptide analogs repress the cyclic activation of 
the BFU-E and CFU-GM progenitor stem cells in the adherent layer of LTC. 
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Example 7 

Figures 7 and 9 show the efficacy of CXCR4 agonists such as SDF-1 
and SDF-1 analogues in repressing the proliferation of human progenitor cells 
in an in vivo engraftment model. 

In Figure 7, the cycling status of mature and primitive colony forming 
cells (CFU-GM; colony forming unit-granulocyte-monocyte precursor, BFU-E; 
burst forming unit-erythroid precursor; LTC-IC, long-term culture initiating cell) 
in the suspension of CD34 + cells isolated from the marrow of transplanted 
) NOD/SCID mice was determined by assessing the proportion of these 
progenitors that were inactivated (killed) by short term (20 min) or overnight 
(16 hour) exposure of the cells to 20^g/ml of high specific activity 3 H- 
thymidine (values represent the mean +/- the S.D. of data from up to four 
experiments with up to four mice per point in each). Significant in the results 
5 described in Figure 4 is the observation that the analogs SDF-1 (1-1 4)-(G) 4 - 
SDF-1(55-67)-K20/E24-cyclic amide (CTCE0021) and SDF-1 (1-1 4)-(G) 4 -SDF- 
1(55-67) acid (CTCE013) are as effective as native SDF-1 at inhibiting the 
proliferation of "primitive" human progenitor cells, as measured by the 
reduction of cells killed by exposure to high specific activity 3 H-thymidine 
20 (which only affects proliferating cells). 



25 



30 



Example 8 

SDF-1 enhances the delegability of colony regenerating units (CRU) 
regenerated in NOD/SCID mice transplanted with human fetal liver cells 
(Figure 8). Three to four NOD/SCID mice per group were sublethally 
irradiated and injected with human cells, in this case 10 7 light density fetal 
liver cells, and the mice then maintained for an interval of 2.5-3 weeks. As 
indicated, each group was then given 2 daily injections of either 10ug of SDF- 
1, or an equivalent volume of control medium, and all mice were then 
sacrificed one day after the second injection. The bone marrow cells from 
each group were then pooled, and an aliquot removed for FACS analysis and 
overnight 3 H-thymidine suicide assays to measure the cycling activity of the 
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human CFC and LTC-IC (long term culture initiating culture) present. The 
remainder of the cells were injected into groups of 3-6 secondary recipients. 
These animals were then sacrificed 6 to 8 weeks later and their bone marrow 
removed and analysed for the presence of human cells. 

This example describes a secondary engraftment. When the bone 
marrow of the secondary recipients was evaluated, a considerable difference 
was observed in the level of human cells present in recipients of cells from the 
different groups of primary mice. As shown in Figure 8, for SDF-1 -injected 
0 mice a far greater number of all types of human cells assessed was found in 
the marrow of the secondary recipients that had received marrow from 
primary mice treated with either SDF-1 by comparison to recipients of cells 
from media injected control primary mice. 



5 Example 9 

This example illustrates the effect of CXCR4 agonists such as SDF-1 
and SDF-1 polypeptide analogs on the engraftment of human cells in human 
fetal liver transplanted NOD/SCID mice (Figure 9). As shown in this figure, 
there was a lack of short-term effect of CXCR4 agonists on the frequency of 
10 different human cells present in NOD/SCID mice. In these experiments, 6 to 
8 weeks post-transplanted mice were injected two times, one day apart with 
the test compound (SDF-1, SDF-1 (1-14)-(G) 4 -SDF-1(55-67)-K20/E24-cyclic 
amide (CTCE0021) or SDF-1 (1-14)-(G) 4 -SDF-1 (55-67) acid (CTCE013)) and 
sacrificed one day later. The frequency of the phenotypically defined human 
25 hematopoietic cells detected in the long bones (tibias and femurs) of mice 
was determined. Administration of 0.5mg/kg of SDF-1 had no significant effect 
on the number of CD45/71, CD19/20, or CD34 cells, nor on the CFC or LTC- 
IC. In addition, none of the human cell types were detectably affected by this 
schedule of CXCR4 agonist administration. This data, coupled with that of 
Figures 7 and 8, indicates that SDF-1, SDF-1 analogs and other CXCR4 
agonists may effectively augment secondary engraftment of human progenitor 
cells. 
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Example 10 

This example illustrates the effect of an SDF-1 polypeptide analog 
CTCE0021 (10mg/kg, identified as Compound #1 in Figure 12) on the 
recovery of leukocytes following myeloablative chemotherapy with Ara-C 
(300mg/kg). In the experiment described in the example, C3Hhen mice 
(female) were treated with 500mg/kg Ara-C for two cycles - on days 0 and 10. 
During the second cycle of Ara-C dosing, Ara-C treated mice were injected 
with 10mg/kg CTCE0021 each day. A control was conducted with animals 
treated with Ara-C alone. Blood was collected from the tail vein into heparin- 
containing tubes at the onset of the experiment, and one day before every day 
following the second Ara-C dose. A total leukocyte count was determined. As 
shown in the graph of Figure 10, the CXCR4 agonist CTCE0021 acted to 
inhibit the cytotoxic effects of Ara-C and to sustain a higher level of 
leukocytes, illustrating the reversal of myelosuppressive effects of a 
chemotherapeutic regimen in vivo. 



Example 11: 

This example illustrates the effect of an SDF-1 polypeptide analog 
SDF-1 (1-14)-(G)4-SDF-1 (55-67)-K20/E24-cyclic amide (CTCE0021, 1mg/kg) 
on the recovery of leukocytes following myeloablative chemotherapy with Ara- 
C (500mg/kg) compared to G-CSF (Neupogen®) (Figure 11). C3Hhen mice 
(female) were treated with 500mg/kg Ara-C for two cycles - on days 0 and 10. 
During the second cycle of Ara-C dosing, Ara-C treated mice were injected 
with 10mg/kg CTCE0021, 10mg/kg Neupogen®, alone or together (on days - 
1, 0, and 1 to 3), with controls receiving no drug. Blood was collected from 
the tail vein into heparin-containing tubes at the onset of the experiment, and 
one day before and 1, 7 and 12 days following the second Ara-C dose. A 
total white blood cell count was obtained. The results in this example 
indicates that not only does treatment with CTCE0021 enhance the recovery 
of white blood cells following myeloablative chemotherapy with Ara-C, co- 
treatment with the SDF-1 polypeptide analog and G-CSF (Neupogen®) 



-58- 



resulted in a greater recovery compared the animals treated with G-CSF 
alone during the early treatment phase. Furthermore, the recovery following 
treatment with the SDF-1 polypeptide analog was sustained compared to the 
G-CSF treated animals. 

Figure 12 depicts the results of an experiment conducted under 
identical conditions, but the growth (increase in leukocyte count) relative to 
the number of cells counted in animals treated with Ara-C alone is illustrated. 
By twelve days following Ara-C administration, an approximately 7.5-fold 
increase in leukocytes was observed in mice treated with CTCE0021 relative 
to animals treated with Ara-C alone, compared to 180% obtained in animals 
treated with Neupogen . 
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